General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



/S/ /'^/ 


(NAS A-CR-14350) SELECTION OF SHUTTLE N78-23135 

PAYICAD TATA PECCESSINO DPIVEFS FOP THE DATA 
SYSTFn NEW TFCRNOLOf^Y STDEY (lEM Federal 

SystPBs Div.) 230 p HC A11/I«F A01 CSCl 22P Onclas 

G3/16 15179 


SELECTION OF SHUTTLE PAYLOAD DATA* PROCESSING DRIVERS 
FOR THE DATA SYSTEM NEW TECHNOLOGY STUDY 
ASTRONOMY 

HIGH ENERGY ASTROPHYSICS 
EARTH OBSERVATIONS 
EARTH AND OCEAN PHYSICS 
COMMON I CATION/ NAVIGATION 
LUNAR 


IBM 

FEDERAL SYSTEMS DIVISION 
HOUSTON 


AUGUST 10, 1976 


CONTRACT NAS9-14350 






TABLE OF CONTENTS 


Page 

1. INTRODUCTION AND SUMMARY 1-1 

2. TECHNOLOGY PAYLOAD TRAFFIC MODEL 2-1 

2.1 Introduction and Summary 2-1 

2.2 Groundrules for Developing the Payload Traffic Model 2- 1 

3. PAYLOAD WEIGHTING FOR DRIVER SELECTION 3-1 

3.1 Steps in the Weighting Process 3-1 

3.2 Processing Functions and Their Weights. ........... .3- 2 

3.3 Weights for Each Payload 3- 5 

3.4 Weighting of Processing Blocks and the Net Score 3-5 

3.5 Discipline Weights 3-8 

3.6 Summary of Weights Combination 3-8 

4. DRIVER SELECTION PROCESS 4-'l 

5. ASTRONOMY AND HIGH ENERGY ASTROPHYSICS DRIVER SELECTION 5-1 

5.1 Astronomy Free Flier Data Volumes 5-1 

5.2 High Energy Astrophysics Fr^e Flier Data Volumes 5- 2 

5.3 Astronomy Free Flier Weights 5-4 

5.4 High Energy Astrophysics Free Flier Weights 5-19 

5.5 Combined Astronomy and High Energy Astrophysics Free Flier 

Weights 5-35 

5.6 Astronomy and High Energy Astrophysics Sortie Data Volumes. . ,5-35 

5.7 Astronomy and High Energy Astrophysics Sortie Weights 5-38 

5.8 Driver Payloads 5-46 

6. EARTH OBSERVATIONS, EARTH AND OCEAN PHYSICS, AND COMMUNICATION/ 

NAVIGATION DISCIPLINES 6-1 

7. LUNAR EXPLORATION PROGRAM 7-1 

7.1 Payload Descriptions and Data Volumes 7-1 

7.2 Profiles for Driver Selection 7- 5 

8. SUMMARY OF DRIVER PAYLOADS 8-1 

9. REFERENCES 9-1 



f 



f 







; ;ir 


1 T'f t • s 


1. INTRODUCTION AND SUM^tARy 


The search for technology limitations in Shuttle payload data processing 
requires both a broad investigation of payloads in general to insure complete- 
ness in the search and an in depth analysis on selected payloads to adequately 
characterize and establish a firm basis for the limitations found. The selected 
payloads characterize and envelope the data handling requirements of all 
payloads; that is, they are data system drivers. The present report describes 
the broad investigation of all payloads in the IBM disciplines and the selection 
of driver payloads within each discipline. 

The driver payloads are selected on the basis of their data processing 
requirements. These requirements are measured by a weighting sclieme described 
in Section 3. The total requirements for each discipline are estimated 
by use of the Technology Payload Model of Reference 1 , as interpreted in 
Section 2. Section 4 describes the driver selection process which was both 
a payload-by-payload comparison and a comparison of expected groupings of 
payloads. The processes described in Sections 3 and 4 are carried out for the 
astronomy and high energy astrophysics disciplines in Section 5; for the earth 
observation, earth and ocean physics, and conmunication/navigation disciplines 
in Section 6; and for the lunar discipline in Section 7. The fifteen drivers 
selected are summarized in Section 8. 
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2. TECHNOLOGY PAYLOAD TRAFFIC MODEL 


Introduction and Sunanar^ 


Reference I presents the basic payload model to be used in the data 
processing new technology study. The model gives the number of Shuttle 
flights per year required to deliver, retrieve, and service (visit) 
payloads but not the number of each payload actually on orbit. In order 
to estimate the data loads imposed by the free fliers, it is necessary 
to translate the data given in Reference 1 into schedules giving the 
numbers of payloads operating at any time. 


The required translation was performed, end the resulting traffic 
model is presented in Tables 2-1 through 2-6 for the six IBM disciplines. 
The remaining disciplines are represented in Tables 2-7 through 2-11 for 
information purposes only. The tables summarize the delivery / retrieval / 
visit schedule (up, down arrows and v's, respectively) for each payload and 
the number of each payload in orbit and operating within each of the 
years from 1977 to 1991. The discipline totals are also ^represented at the 
bottom of each table, and tney are summarized in Table 2-12. 


2.2 Groundrules for Developing the Payload Traffic Model 


Several guidelines were followed as noted below: 


1. Based on the Technology Payload Model (TPM) (Reference 1) 
and the 1973 SPDA (Reference 2). SPDA shows launches only, 
and some of those launches are apparently visits only and 
not payload insertions. TPM breakdown (Reference 3) allows 
a more accurate count of P/L's actually on orbit, since re- 
trievals are shown. In geiieral , the SPDA agrees with the 
TPM regarding launch schedules. 
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2 . Payloads are ordered indisciplines by the SPDA descriptor : | 

rather than the TPM descriptor. This necessitated breaking 1 

some payloads down into subgroups. For e.\ample, the AST 1 ! 

payload is comprised of the AS-02-A, AS-03-A, and AS-05-A i; : 

payloads. ! 

■i 

3. Payload lifetime is generally ignored, assuming that if a 
payload is up, it is operating. The reasoning behind this 
is to remain consistent with the retrieval schedule of the 

TPM breakdown. (P/L is operating until retrieved), Excep- ■ 

* i 

tions to this general rule are E0-17-A, AS-02-A, and inter- j 

planetary payloads, the latter using mission operation ' i 

timelines inferred from the SPDA. ' 


4. P/L AS-02-A is heliocentric, hence no retrievals. 

Since a 2 year lifetime and 2 year launch intervals are 
given, it is assumed that one P/L is active at a time. 

All retrievals for AST lA were assigned to AS-03-A, AS *21 -A, 

AS-22-A and AS*24-A. (divided, with early retrievals 

going to pre 1980 launches, late retrievals going to AS-03-A). 

5. Retrievals were divided between CN-56-A and CN-60-A, con- 
sistent with the latter series supplementing the former. 

6. The indicated number of payloads on orbit generally reflects 
the year end status. 

7. PHY 1 divided among HC-07-A. AP-Ol-A, AP-02-A, AP-03-A as 
follows : 

PHYIA - One launch given to HE *07 -A, basic launch, 
retrieval schedule used as is. Three of the 
launches and the basic launch, retrieval schedule 
used for AP-Ol-A. In other words, the basic launch 
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and retrieval schedule is used for both HE-07-A 
and AP-Ol-A, with the initial total on orbit (4) 
being divided between the two missions: 

PHY IB - Assigned to AP-02-A intact. 

PHY 1C - Assigned to AP-03-A intact. 
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TABLE 2-1 ASTRONOMY FRE 

! ' - 
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i 
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TABLE 2-3 EARTH OBSERVATIONS FREE FLIER TRAFFIC MODEL 


{ £0 57 A N/HD-*9 FOR. SYNC, MET. SAT. 

! No. on Orbit 

I EO 58 A N/ND 10 6E0SYNC OP. ENV. SAT. 

! No. on Orbit 

EO 59 A N/ND 12 SYNC. EARTH RESCR. 

No. on Orbit 
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No. on Orbit 
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TABLE 2-4 EARTH AND OCEAN PHYSICS FREE FLIER TRAFFIC MODEL 
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TABLE 2-5 COMMUNICATIONS / NAVIGATION FREE FLIER TRAFFIC MODEL 
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D5(B) FOREIGN. COM. SAT. 

No. on Orbit 

1001, 1002 GLOBAL POSIT. SYST. 

No. on Orbit 

1027 PERSONAL COM., SYST. 

No. on Orbit 


t f + +3 


+2 +3 +2 


No. on Orbit 2* 3 4 7 7 7 9 12 14 

+3 t +2 +2 + 


3 4 6 8 9 9 9 


1 2 2 2 3 

+2 t2 t + + t 


22 33 

+ 2 

16 15 14 14 14 


9 9 9 9 9 
+2 f2 f3 +2 +2 
4 6 9 11 13 


2 1112 
+ t 


5,7 9 10 11 12 12 13 13 14 14 15 
++++++ 

1233222222 


333366666999 


1112 2 3 

t t + ++ T+ +■^ 

1 2 3 3 3 3 

it V I + V 

122223444 


DISCIPLINE TOTAL ON ORBIT 


2 3 15 21 27 33 42 47 52 57 59 67 69 75 78 


* One already on Orbit 








TABLE 2-6 LUNAR FREE FLIER TRAFFIC MODEL 


LUOl A 
LU02 A 
LU03 A 
LU04 A 
LUOS A 

DISCIPLIf- 
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LUN 1 


LUNAR ORB ITER 


No. on Orbit 


LUNAR ROVER 

No. on Orbit 
LUNAR HALO SAT. 

No. on Orbit 
LUNAR SAMPLE RET. 

No. on Orbit 
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No. on Orbit 
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1 1 I 1 1 
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TABLE 2-7 SOLAR PHYSICS FREE FLIER TRAFFIC MODEL 
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U PLANETARY FREE FLIER TRAFFIC MODEL 


PL 01 A 
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MARS SS PROQE 
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PL 02 A 
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MARS SURF. SAMPLE RET. 

No. on Orbit 
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PL 10 

PIONEER VENUS MULTIPRD 
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PL 07 A 

! 

PL n 

VF.N. RADAR MAPPER 
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VEN. BUOY. PROBE 
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PL 13 

MARINER MERC. ORB. 
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3. PAYLOAD WEIGHTING FOR DRIVER SELECTION 





The degree to which a payload will require new data processing technology 
depends upon 1) the degree to which the payload requires data handling support 
and 2) the degree to which present or reasonably projected state of the art data 
processing hardware and software technology can satisfy those requirements. 
Factor (1) can be inferred roughly from descriptions of the payloads and their 
objectives, while estimation of Factor (2) requires configuring a data handling 
system. It is assumed that, pre1 imi nary selection of technology drivers can be 
performed based upon a knowledge of the requirements or Factor (1) only. 

The present section is concerned with the way in which the data processing 
requirements are to be estimated, a process to be carried out in the form of 
payload weighting. The process is a subjective one in the sense that a series 
of relative weights is to be estimated based on value judgements, and a scheme^ 
is required to minimize the impact of subjective prejudice. The scheme adopted 
tends to compartmentalize the thinking of the analyst so that he will not let 
judgement in one part of the process influence that in another. 

3.1 Steps in the Weighting Process 

The ultimate purpose is to determine the net weight of a payload or group 
of payloads with respect to all facets of data handling. In order to avoid 
confusion in judgement and to focus attention on each significant facet, two 
important divisions were made: 1) division of processing into individual func- 

tions and 2) division of weighting into function-to-function weighting and 
payload-to-payload weighting. The function-to-function weighting compares each 
function to the others without concern for the payloads. The payload-to-payload 
weighting compares each payload to all others for each function, one at a time. 

A third important facet of the procedure is to judge the weight on a per bit 
basis when practical so that the judgement is not influenced by the estimated 



f i . 

r 



i 



^ t- 


; 

j t 

I 

f i 


r j 
? i 



I ■ 
! I 


i 

I 




i 

i n 


1 , 

! 









data volume, a factor which can be separately determined by more objective 
means. A measure of the degree to which a payload requires or utilizes a given 
function is the product of the payload weight, the function weight, and, when 
applicable, the payload data volume. With these basic ideas in mind the de- 
tailed weighting scheme was developed as described in the subsequent subsections. 


Processing Functions and Their Weii 


The processing functions required for all payloads are identified in 
Table 3-1. The names identified are generic, and the actual structure of the 
function may vary from payload to payload. For example, "radiometric correction" 
means conversion of sensor units to engineering units, and "geometric correc- 
tion and registration" may mean time synchronization or spectrum wavelength 
linearization as well as the normal geometric distortion correction associated 
with imagery. 


The functions have been grouped into six categories, hereafter referred to 
as "blocks", as indicated in Table 3-1, All processes within a block are ex- 
pected to have basically the same user and data dependences and about the same 
turnaround times. For the earth observations and earth and ocean physics dis- 
ciplines the analysis block is not broken down into individual processes, and 
the analysis weight is set equal to the total preprocessing weight (exclusive 
of image digitization). 


Each process was weighted as follows. The simplest operations respectively 
within the premission block, the real time operations block, and the combined 
real time data handling, quick look, preprocessing, and analysis blocks, were 
given a weight of one. Then, within each of the aforementioned groupings the 
other processes were weighted in terms of the simplest one. Thus, the process 
weights in each of the first two blocks are correlated within each block but 
not from block to block. All processes in the last four blocks are correlated 
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TABLE 3-1 PROCESS li FUNCTIONS AND THEIR WEIGHTS 


Premlsslon 

6 Mission planning 

6 Data processing system development, testing, configuration control, 
debugging, etc. support 

2 Operations training support (simulators, etc.) 

1 Sensor design and development support 

2 Sensor calibration, lab testing support 

Real Time Operations 

6 Pointing and line of sight guidance 

1 Fvoeriment monitoring and control 

Real Time Data iio idling 

1 i-re-transmission data sequencing, buffering, interleaving, transmission/ 
onboard storage 

2 Demultiplexing, stripping, formatting, merging 
Quick Look 

14 Quality assurance/evaluation, performance evaluation/verification, 
information acquisition verification 
Preprocessing 

10 Geometric correction, registration 

2 Radiometric correction 

6 Image editing 

4 Filtering, apodization, compression 

12 Fourier analysis (transforms, spectral decomposition) 

2 Archival, copying, distribution 

8 Image digitization (e.g. film densitometry) 
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TABLE 3-1 PROCESSING FUNCTIONS AND THEIR WEIGHTS (ccnt‘d) 

Analysis (For all disciplines except earth observations and earth and ocean 
physics. For them, the analysis weight is 36.) 

30 Classification 

8 Spectrum analysis (line widths, profiles, wavelengths, etc.) 

8 Temporal analysis (variation profiles, image matching, spectrum 

matching 

30 Abundance, composition, structure determination 

15 Morphology 

8 Orbit determination 

6 Polarization analysis 

3 Angular size/diameter 

4 Soil bearing, adhesion, cohesion strength analysis 

15 Lunar stratigraphy (seismic, etc.) 

6 Miscellaneous 
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among those blocks. At this point, the number of data to be processed by each 
function has not been accounted for, and the weights represent essentially 
per sample or per bit estimates. 


3-3 Weights for Each Payload 


The degree to which a given process is required by a payload depends upon 
the payload's activity timeline and upon the relative apportionment of time 
among its sensors, A weight for each payload and each process is selected as 
an estimate of that degree. The weight also serves to account for occasional 
differences from payload to payload in the utilization per bit of a given process. 
For example, the number of computer operations, or the degree of utilization, 
to perform a Fourier transform on N data points is proportional to Nlog 2 N; hence 
the number of operations per sample (or equivalently per bit) is proportional 
to loggN, rather than being constant. Thus, the per bit degree of utilization 
of Fourier transformation is a function of the data volume itself, and the effect 
car be roughly accounted for in the selection of the payload weight. 


The weights are chosen relative to an estimated average payload. The fol- 
lowing values of the payload weight were used: 

3 payload's utilization is significantly above average 
2 utilization is average 

1 utilization is significantly below average 

0 the function is not utilized at all 
In later sections, tables of these weights for each discipline are presented. 
If there are N payloads and M processes, each table contains NH weights. 


3.4 Weighting of Processing Blocks and the Net Score 



The relative weight of each block is determined by summing over the func- 
tions of the block the products of payload and process weights for each payload. 
The result for N payloads is a matrix of 6N weights for the six blocks. The 
premission and real time operations blocks of Table 3-1 are presumed not to be 
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a function of the payload's output scientific data volume. In a strict sense, 
the second block's weight depends upon the housekeeping data volume and, for 
rigorously pointed instruments in astronomy and high energy astrophysics, the 
aspect camera data volume. However, these volumes appear to be similar enough 
from payload to payload that the real time operations functions can be measured 
totally by the payload weights assigned. The weights for the last four blocks 
of Table 3-1 were selected on a per bit basis, and the block weights obtained 
above are multiplied by the payload's scientific data volume to produce weights 
useful to compare all payloads for those blocks. 

A gross figure of merit for each payload is obtained by a judicious combina- 
tion of all six blocks; however the premission and real time operation blocks 
do not depend on the data volume as do the others. The adopted procedure for 
combination is to scale the weights in the first two blocks appropriately so 
that they may be added along- with the last four blocks to produce a net score. 
Scaling is accomplished by comparing the number of instructions per unit time 
performed by each of the first two blocks to the corresponding number for radio- 
metric correction for an average payload. For average radiometric correction, 
a linear transformation is assumed requiring one multiply and one add per sample. 
A multiply is assumed equivalent to three basic instruction units, and an add 
is one such unit; therefore four instruction units are required per sample. A 
202 margin is added for data transfer, etc., yielding five instructions per 
sample, and if ten bits per sample average is assumed the resulting radio- 
metric correction factor is 1/2 instruction per bit. 

Based on Skylab experience, it is estimated that “BDOO hours of computer 
time on a 1 megainstruction-per-second (MIPS) computer are required to plan 20 
missions (Reference 4). It has been estimated that to break even financially 
the Shuttle must handle *2.5 payloads per mission; thus ro^.^nly 2000 hr/20 
missions/2.5 payloads = 40 hr of 1 MIPS computer time, equivalent to 
1.44 X 10" instructions, are required per payload to plan a mission. It is 
estimated that most of the mission planning is done in the last two years before 
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the mission; therefore 1.44 x 10"/2 = .72 x iO" instructions per year are re- 
quired then. If that payload also requires radiometric correction performed 
on N bits of scientific data per year the scale factor a required to normal- 
ize the mission planning weight to the radiometric correction weight is found 
from the proportion 


1.44 X 10 72 year Frq ®i 

.5N (instr/yr) N 


0 ) 


where W and F are the payload and process weights, respectively, and HP and RC 
refer to mission planning and radiometric correction, respectively. Equation 
(1) states that the numbers of instructions per year should be in the same 
proportion as the scaled weights. The scale factor ai can also be interpreted 
as an equivalent data volume. The 2 yr factor on the left hand side can be 
interpreted as either the number of years for mission planning or the number 
of years worth of scientific data (i.e., 2 yr x N) to be processed on one com- 
puter. For an average payload W|^p = = 2 ; from Table 3-1 Fj^^p = 6 and 

^RC = 2; therefore oj = ,05 x .10^^'. 

To scale the real time operations block, the real time pointing is compared 
to radiometric correction in the same manner. A pointing discussion for tele- 
scopes v/as provided in Reference 5, in which it was estimated that 10 1 sets of 
computations would be performed for matching ten stars between the aspect 
sensor image and the desired (internally generated) star field. On the average ^ 
it is assumed that only 101/2 such sets are executed but that inclusion of the 
pointing control algorithm and data transfer doubles the effective number of 
calculations. Each set requires four multiplies and four adds or equivalently 
l6 instruction units per set. Three sets are assumed per orbit, 16 orbits per 
day are assumed; therefore 10 instructions per year are performed. The de- 
sired scale factor is obtained from a proportion similar to Equation (1), viz. 


10 ^^ WpFpa2 

,5N Wpj.Fpj.N 

Again Wp = Wpj. = 2, and from Table 3-1, 
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6 and = 2; thus 03 = .7 x 10 . 
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Thus, the net score for each payload is obtained by the sum of products of 
block weights with effective data volumes, viz. aj and a 2 for the first two 
blocks, respectively, and the actual scientific data volume per year for the 
last four blocks. 

3.5 Discipline Weights 

Besides obtaining the net score of the previous subsection, the main rea'^'*n 
for quantification of the payload requirements is to allow combination over 
all payloads operating concurrently to detemiine- the magnitude of each require- 
ment for the whole discipline. At this point the free fliers and sorties are 
separated as proposed in Reference . The payload grouping implied for free 
fliers is the set of all operating during a year, and that for the sorties is 
the candidate grouping of instruments for any one sortie flight. The free flier 
groupings are identified by Tables 2-1 to 2-6. The sortie groupings will be 
described for each discipline in later sections. 

The magnitude of each requirement for those groupings is to be expressed 
as a weight for each block for each year. That weight is obtained by summing 
the products of the weight of each payload and either the number of that pay- 
load operating that year, as obtained from Table 2-1 to 2-6, or the numbe*' of 
that payload included in a sortie flight. In the case of the free fliers 12 
years of weights are to be obtained for each of the six blocks. 

3.6 Summary of Heights Combination 

Let: 

F(process) = weight for each function (process) of Table 3-1 

M(process,P/L) = weight (0,1,2, or 3) for each payload and each process, 

described in Section 3.3 

1 2 

V(P/L) = yearly data volume (units of 10 bits/yr) of each payload 

N(P/L,t) = number of each free flier payload operating during a 

year (t), as obtained from Tables 2-1 to 2-6. 
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H(P/L,m) = number of ejtch sortie payload operating in a sortie 

mission (tn) 

H(P/L,t) = number of Shuttle flights/year for a payload from 

Tables E-1 to 2-6. 

The various weighted sums are obtained as follows: 

Block weight; W(block,P/L) = 23 W(process,P/L)F (process) 

processes in 
each block 

Net score: S(P/L) = '.05W(Block 1,P/L) ^ .7W(Block2,P/L) 

+ V(P/L) 23 W(block,P/L) 

Blocks 3-6 

■'23 :05M(P/L,t)W(Blockl,P/L) 

P/L'S 

'£ .7N(P/L,t)W(Block2,P/L) 

|P/L's 

23 V{P/L)N(P/L,t)W(Block,P/L) 

P/L's Blocks 3-6 

Same as above with t replaced by m. 


Discipline Free 

Flier Scores: D(Block,t) 


Discipline Sortie Scores: 





4. DRIVER SELECTION PROCESS 


In the previous section two sets of criteria, viz a payload net score 
and a set of discipline group scores, were developed to aid in choosing the 
driver payloads. The adopted selection process utilizes both sets of criteria 
and is to be performed on a discipline by discipline basis. A notable excep- 
tion will be discussed later for astronomy and high energy astrophysics. 

The two sets of criteria are utilized as follows. First, all payloads in 
a discipline are ranked according to the net score. Rather than merely select- 
ing the highest payloads in the ranking, the second set of criteria is utilized 
by selecting driver groupings of payloads from which individual payloads are 
extracted as drivers. The purpose of the second selection is to account for 
payloads which, by themselves, do not appear to drive the data system but 
which come to the forefront by virtue of their presence in a significant group. 
The driver groups are selected on the basis of their net data volumes and their 
discipline scores obtained within each of the processing blocks, as described 
in the previous section. For the free fliers driver years are selected, and 
the driver group is comprised of all payloads operating that year, as provided 
in Tables 2-1 to 2-6. For the sorties, driver flights are chosen. Generally, 
a free flier driver year is selected as the year in which a peak occurs in the 
net data volume or discipline score; however in some cases a year in which a 
significant rise is noted qualifies. The rationale for the latter selection 
is the fact that a sudden jump in data system requirements, esoecially early 
in the Shuttle program, may e.xceed the buildup capability of the data system. 
Specific cases will be described in more detail in later sections. 

After the driver groups are selected, individual driver payloads within 
a group are chosen based upon 1) their relative data volumes, 2) the degree to 
which they represent generically all other payloads in their group, 3) the 
frequency with which they occur in all the driver groups, and 4) their weights 
within each block. 
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The drivers obtained from the groups are compared to the drivers obtained 
-I- from the net score ranking, and a final set of drivers is selected for each 

A ;l discipline. Although the specifics of this selection process are reserved 

for later sections, it is noted here that in the disciplines examined there 
i was always a close similarity between the sets of drivers obtained from the 

j ranking and those chosen from the groups, 
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5. ASTRONOMY AND HIGH ENERGY ASTROPHYSICS DRIVER SELECTION 


The concepts developed in the previous two sections are applied to the 
astronomy (AS) and high energy astrophysics (HE) disciplines in this section. 
The disciplines are considered together because they may share the same control 
and data processing centers, and, in fact, a combined AS and HE grouping is 
considered later in this section, Oeterminatix)n of the data volumes, not yet 
discussed, is described in the greatest detail in the next two sections. The 
weighting process is a straightfort'/ard application of the precepts presented 
earlier. 

5.1 Astronomy Free Flier Data Volumes 


The data volumes are summarized payload by payload below. At this early 
stage in the sensor development few concrete data are available, and it was 
necessary to make certain assumptions. The assumptions and the outside sources 
of data are explicitly stated. Frequently the SPOA (References 1, 6, and 7) 
were utilized. It was noted that the SPDA values for ultraviolet and visible 
spectrum sensors are misleading in that the readout data rate is given rather 
than the average data collection rate. The error is especially significant 
when an integrating device, such as a vidicon, is used because the frame may be 
exposed for a considerable time. No problem is apparent in the reported rates 
for infrared and radio frequency instruments whose detectors are continuous 
output sources, 

0 Space Telescope Field camera is data driver: 15 frames/day average 

2 

X 2000 samples/frame x 10 faits/sample (data from Sobieski , 6SFC) 

2 

= .219E12 bits/yr. Echelle spectrograph adds small amount: 500 

samples/frame (Sobieski, GSFC) and is negligible. 

2 

Q Extracoronal L'/man Alpha Explorer Echelle spectrograph: 1024 

pixels/frame x 12 bits/pixel x 30 frames/day x 2 instruments operating 
simultaneously (echelle + absorption cells) (data from Lane, JPL) 

= .274EI2 bits/yr. 
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0 Cosmic Background Explorer 4096 bps ('74 SPDA) , assume continuous 
output = .12SE12 bits/yr. 

0 Advanced Radio Astronomical Explorer (ARAE) 40960 bits/sec 
{'73SPDA) X 12 hr/day (12 - 1 hr ops - SPDA) x 2 satellites 
= 1.293E12 bits/yr. 

0 Large Radio Observatory Array 102400 bits/sec ('75 SPDA) x 12 hr/day 
(assume 12-1 hr ops/day) = 1.614E12 bits/yr. 

0 IR Long Base Interferometer (LBI) 81920 bps from correlator x 1.03 hr/ 
op + 18080 bps "housekeeping" x 1.55 lir/op, sum x 15.5 ops/day 
(data from '73&'75 SPDA for sortie version) = 2.396E12 bits/yr. 

0 Cryogenically Cooled IR Telescope 250 kbps (Melugin, Anies: post- '85 
value for interferometer) x 52 min/op ('75 SPDA) x 15.5 ops/day 
('75 SPDA) = 4.4 20E12 bits/yr. 

0 Microwave LBI Assume same as for ARAE (35.4E8 bits/day for ARAE 
rounded to 35E8) = 1.278E12 bits/yr. 

0 Ambient Temperature IR Telescope 17 kbps x 1 .5 hr/orbit x 15.5 orbits/ 
day (data from SPDA for sortie version) = .511E12 bits/yr. 

0 Submillimeter Telescope Assume same as Ambient Temperature IR 
Telescope = .511E12 bits/yr. 

0 International Ultraviolet Explorer (lUE) 1E8 bits/day (Klinglesmith, 
GSFC) = .036E12 bifcs/yr. 

Q Radio Explorer 22528 bps ('75 SPDA; 43008 bps less 20480 bps for 

star tracker) x 12 hr/day ('75 SPDA: 12-1 hr ops) = .354E12 bits/yr. 

0 lUE Photometry Assume same as lUE = .036E12 bits/yr, 

5.2 High Energy Astrophysics Free Flier Data Volumes 


; For most of the payloads a data volume was estimated based upon a brief 

I study of the particular instruments which are used in the experiments. Also, 

j a data volume was calculated from the SPDA data bit rate. The values obtained 

,t 1 

i were different for most of the payloads. The value used for a particular payload 
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was selected according to the degree of understanding oi. ’/hich the estimate 
was based and according to the apparent reasonableness of the value calculated 
from the SPDA. Only the selected .alue is explained in the following. 

Some instruments deliver data in a format that will result in a large compres- 
sion during preprocessing. For example, some photon counting sensor arrays 
output the impact coordinates of each photon when it strikes. The subsequent 
conversion to an "image" in the form number-of-photons-per-pixel effects a 
substantial data reduction. For such instruments both a "preprocessing" and 
an "analysis" data volume are computed. 

HE - 01 “A Large X-Ray Telescope Facility * 

The x-ray imaging experiment is the major contributor to the data volume. 

If we use the SPDA data rate of 3.29E4 bits per second and assume 6 hours 
of operation per day, the yearly pre-processing volume is 2.6E11 bits per 
year. The analysis volume is estimated based upon the study of the in- 
struments, which indicates that the image intensifier is the driver. If 
we assume 2 frames of data per orbit, 16 orbits per day, 1024 pixels per 
line and 1024 lines, and 12 bit words, the analysis volume is 1.5E11 
bits per year. 

HE - 03 - A Extended X-Ray Survey 

The x-ray converter and imager and the proportional counter are the drivers 
on this payload. The average SPDA date rate for these instruments is 
1.26E4 bits per second. If we assume 12 hours of operation per day, the 
pre-processing volume is 2E11 bits per year. The analysis volume is 
assumed to be 1E8 bits per year based upon that for HE - 01 - A and the 
fact that the IFOV for this payload is greater by a factor of two. 

HE - 05 - A High Latitude Cosmic Ray Survey 

Determination of the trajectory of the incoming particle produces most 
of the data volume for this payload. If we assume 10“^ particles per 
second, 120 bits per particle for position description, and 10 instruments 
operating simultaneously, a data volume of 3.7E7 bits per year results. 

HE - 07 - A Small High Energy Satellite 

The proportional counter modules are the data drivers for this payload. 

If we use the SPDA data rate of 2048 bits per second and assume 2 counters 
operating for a total of 12 hours per day, the data volume will be 6.5E10 
bits per year. 
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HE - 08 - A Large High Energy Observatory A (Ganma Ray) 

The main source of data for this payload is the spark chamber pictorial 
readout. If we use the SPDA data -rate of 1E4, the data vol'ne is 3.2E11 
bits per year. 

HE - 09 - A Large High Energy Observatory B (Hag. Spec.) 

The track locator detector produces most of the data for this payload. 

The total SPDA data rate is 1E4. This results in a data volume of 
3.2E11 bits per year. 

HE - 10 - A Large High Energy Observatory C (Hue.) 

The spark chambers produce the highest data rate. Using the SPDA data 
rate of 8E'' gives a data volume of 2.5E11 bits per year. 

HE - 11 - A Large High Energy Observatory D (X-ray) 

This payload is essentially the same as HE - 01 - A. 

HE - 12 - A Cosmic Ray Laboratory 

The magnetic spectrometer is the data driver. Using the SPDA data rate 
of 3E5 gives a data volume of 9.5E12. 

HE - 23 - A High Energy Astronomical Observatory C 

The high resolution gamma-ray spectrometer produces the greatest amount 
of data on this payload. Using the SPDA data rate of 6400 bits per second 
and assuming 12 hours per day operation give a data volume of lEll 
bits per year. 

5.3 Astronomy Free Flier Weights 

The payload weights for each processing function were selected according 
to the scheme in Section 3 and are tabulated in Table 5-1. These weights were 
chosen based upon information in the SPDA, other payload specific descriptions, 
and from PI interviews. It should be recalled that the weights are 2, 3, and 1 
for average, above average, and below average respectively, with 0 representing 
no requirement. For several of the processing functions the criteria exercised 
are generalized below: 

Mission Planning - relatively low for astronomy missions 
Low earth orbit - weight 1 
Synchronous or heliocentric orbit - weight 2 
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DP System Development 

Objective dedicated or few sensors on P/L - v/eight 1 
Facility class payload with several sensors - weight 2 

OPS Training Support 

Few users - weight 1 
Multi-user or LBI - weight 2 
Multi-user facility class - weight 3 

Sensor Design Support 

Extension of ground based technology - weight 1 
Special development for space - weight 2 

Sensor Calibration/Testing - generally high 

IR calibration or facility class - weight 3 
Others - weight 2 

Pcinting/LOS Guidance - stringent pointing for celestial viewing 
Lower angular resolution - weight 2 
Higher angular resolution - weight 3 

Experiment Control - not routine; therefore generally high 

Facilities with several sensors or optical heterodyning - weight 3 
Others - weight 2 

Pre-transmission Handling, etc. - at most, two sensor data interleavings - 
weight 1 

Demultiplexing, etc. - v/hether TDR55 is used 

Sync, or heliocentric orbit (direct transm.) - weight 1 
Low earth orbit (use TDRSS) - weight 2 
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! Qijick Look - generally average 

■ Quick preprocessing turnaround required - weight 3 

; Others - weight 2 

Geometric Correction/Registration 
Vidicon present - weight 3 

Low resolution or one-dimensional record. - weight 1 
Others - v/eight 2 

Radi ometri c Correct! on 

IR calibration or vidicon - weight 3 
Others - weight 2 



Iraage/Record Editing - generally average 

One-dimensional record, or low spectral or spatial resolution - 
weight 1 

Two-dimensional imagery, high spectral or spatial resolution - 
weight 2 

Archival /Distribution 

Few users - weight 1 

Multi-user facility or survey - weight 2 

Judgement of the other processing functions was very payload dependent, and 
generalizations cannot easily be" made about it. 
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As described in Section 3, the process weights in Table. 5-1 were multiplied 
by the payload weights and summed over each block. These sums for the first 
two blocks were multiplied by the appropriate scale factors (Section 3.4), those 
for the remaining blocks were multiplied fay the data volumes, and the results 
are shown in Table 5-2. The six block weights were summed to produce the net 
score. The maximum number of payloads in the table reflects the greatest 



5-7 


































































































number operating simultaneously, as shown In Table 2-1. The net score Is 
multiplied by the maximum number of payloads to produce the total score in 
Table 5-2. 

The data volumes and block weights of Table 5-2 were combined with the 
traffic model of Table 2-1, as described in Section 3.5, and the results are 
given in Table 5-3 for the data volume and Tables 5-4 to 5-9 for the block 
weights. The weight-number of payload products before summing over the payloads 
are given in these tables, and the discipline total t are shown at the bottom. 
Note that in Table 5-4 the number of Shuttle flights was used rather than the 
nundier of payloads operating. 


The discipline totals are plotted in Figures 5-1 and 5-2 for data volume, 
the premission, real time operations, and preprocessing blocks. The other 
blocks exhibit essentially the same shapes as the preprocessing block. Note 
that the preprocessing (and unplotted block) profiles closely resemble the 
data volume profile. The close resemblance is partially based upon the relatively 
narrow spread of 0 to 3 in the payload weights and partially upon the averaging 
effect of regarding the total set of payloads as a whole. Suppose the payload 
weights had been 0, 10, 20, 30 instead of 0, 1, 2, 3. The resulting profiles 
would all have had exactly the same shape, and only their relative magnitudes 
would have changed (by a factor of 10). 

From Figure 5-1, the year 1985 appears as a driver year because of the 
sudden jump in premission and real time operations requirements at that time. 

For premission requirements the highest peak occurs in 1988 just after a sig- 
nificant drop for two years; therefore that year is also regarded as a driver. 
Although a premission jump also occurs in 1980, it is still significantly below 
the others; therefore 1980 is ruled out. The highest peak in 1987 for real time 
operations differs relatively little from the surrounding years, therefore 
1985 is judged to be the only driver for that block. These results are used 
in Section 5-8 to choose driver payloads. 
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TABLE 5-4 PREtUSSION ANNtJAL REfHJlRF?1Er<TS PROFILES FOR ASTRONOMY FREE FLIERS {UNITS OF IO*VYR) 
Payloads \.qy 79 80 81 82 8 3 84 85 86 87 88 89 


AS- 01 -A 

SPACE TLLESGQPE 
AS-02-A 
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TABLE S-S REAL TIME QPEI^TIONS AKHUAL REOUIREHENTS 


Payloads 79 80 81 82 83 
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SPACE TELE SCOPE 


!4 

/4.7 

/A/i 

lAJ 


AS-02-A 

_/jajyLTiia— U-EXEL^ 
AS -03- A 

COSH. BKG«0. EXPL. 

• 

/4,o 

H.o 

)4.^ 

/4 0 


fj 

1.B 

/u 

Its 

llA 


■AS-eo 

AOV. RAO I'D ASTR. EX'P 


iS 

f.? 

4r 

/u 


AS-16-A 

LG. RADIO OB'S ARRAY 

1 

1 

\ 


1 

1 



OiFS-1053 

IR LBJ ! 

- 


1 




Of S- 1054 i 

CVRO IR TEI.ESC 


m 



\ 

1 


j^OFS- 1055 
^MICROWAVE LBI 




to.S 

Mi* 

-- 

MOfS-1072 
AMB TEMP IR TEL ESC 






Ops- 1073 

SU'BIillLL laEIER-lELESC 


. 





AS-21-A 

IDF 

/4;/ 






AS-22-A 

llAnifl FXiPi flMFR 

fj 

9.r 





^«><p4^4UM P P# m -Ai ■ II !■ ■■>#*■# i« I ■ 

AS-24-A . 
imiF f'!'!OTfiMFTRY 

/♦.? 

! 4,7 

/o 







* 









i 

1 



[ 


# 






\ 

1 





DISCIPLINE TOTAL 

4-1.0] 

7/.? 

7U 





I 










PRuFILES FOB ASTRQHQHY FREE FLIERS fUMlTS QF 10^ ^/YR) 


84 85 86 87 88 ^ 89 90 91 


14.7 

M.l 

/4,r\ /f.7 

f4.7 

14,7 

{4.7 

/A, a 

14.0 

}Afi 

{4,0 

(40 

14,0 

140 

{4.o\ 

19,4 

m 

19 X 

Sl.t 

Z9.4 

Zl.4 

Jl£ 

If.'. 

9/ 

/?.< 

9.7 

!U 

HA 

i?,i 

_iu_ 

J9.C 


fJ 

fJ 

f-? 

9,9 

9.P 

?X' 

?,7 




{0,5 

to, s 

JTt.S 

f<KS 

{0,5 


i4.y 

/4.y 

14.7 

14:7 

/4.V 

14,7 

}4.'- 

Mi" 

!^,S 

>0.s 

/0.3 



n.s 

HJ 


/ 4.7 

fi.y 

/4.) 

i4:i 

{ 4 . y 

{4.7 

{4,7 

/d.r 

(0. 



70,5 

/0.5 

JOS 

{0,5 




• 




1— 








:i 







i- 

? 

A 








V 

E> 

D 

M , . .. , ..^ 








^ 













ig.i 

/Ai:/ 

/S7.J 

{*>, .:l 

I4t,4 

im 

iJfX 

jZPX 





r 



I 





p. —— ■ 

t 









AS-Q3-A 

C05M. BKGND. EXPL. 

USqjfijlJ 1 

AQV. RADIO ASTR. EXP 



84 85 


/./ /./ 


/./ 

u 

.r 

j 

mm 

ii 

7.S 

7.S 

4.? 

4.f 

n»o 

n.o 

tij 

\ iij 


<T .4 




Z.& 


•^1 


/A\ M 


7 j\ y.t 


4 .n 4 j 


U.f 

ti.f 

2LJ 

.. 

S.4 



II 


ism i/./ 47,n a.m ^/.7 



































































TABLE 5-7 QUICK. LOOK ANNUAL REQUIREMENTS PROFILES FOR ASTRONOMY FREE FLIERS (UNITS OF HQ^^/YRl 


Payloads 


:v 79 



A5-03-A 
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TABLE S>8 PREPROCESSING ANNUAL REQUIREMENTS PROFILES FOR ASTRONOMY FREE FLIERS (UNITS OF 10^^/YR) 


Payloads 
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TABLE 5-»9 ANALYSIS ANNUAL REQUIREMENTS PROFILES FOR ASTRONOMY FREE FLIERS fUiilTS OF TO^^/YR: 


Payloads 
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5.4 High Energy Astrophystes Free Flier Weights 


In this section the payload weights ate selected and used with the data 
volumes selected In Section 5.2 to determine the block weights and finally the 
operations requirements for the High Energy Astrophysics free fliers. 

The payload weights are shown in Table 5-10. The premission weights for 
most payloads are about average. The heaviest weights are in the mission plan- 
ning, sensor design, and sensor calibration areas. The primary reason for this 
is that many of the Instruments have not been used on the ground resulting in 
less than average experience with design and calibration oroblems. 

The real time operation weights are low in value for most payloads. Except 
for the x-ray instruments, pointing and guiding are minor problems since the 
IFOV is rather large for the gamma-ray and cosmic-ray instruments. 

Similarly, the quick look weights are also low. The combination of large 
IFOV and low event rates result in many of the instruments operating in a 
survey mode in contrast to one in which detailed data is quickly acquired and 
quick decisions are necessary before the next step can be taken. 

The preprocessing weights are moderate to light. The greatest amount of 
preprocessing is likely to be in the geometric correction and radiometric 
correction areas. 

The analysis weights are low 1ri>v^lue for most payloads. The processes 
most consijstently given heavy weights are spectrum analysis and abundance and 
structure determination. 

The process block weights are shown in Table 5-11. Because of the heavy 
process weights in the analysis block as given in Table 5-10, this block is the 
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TABLE 5-n PROCESS BLOCK WEIGHT MATRIX FOR HIGH ENERGY ASTROPHYSICS FREE FLIERS 


PAV'LOAO 


LG. X-RAY TELE. FAC. 


ME-03-A 
EXTEHD’0 X-RAY SUR. 


ME-Ob-A 

HI. LAT. CDS. -RAY SUR. 


HE -07 -A 

SM, III. EfIER. SAT. 
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DBS. A-GAMMA RAY 
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most heavily weighted for all payloads- Preprocessing is the next most heavily | 

weighted block. In the third column from the right a score is given to each | 

payload according to the selected weights. It is evident that the Cosmic Ray | 

Laboratory (HE - 12 - A) has a much greater requirement than that of all the | 

other payloads combined. The last column gives a score taking into account | 

the nun^er of payloads placed In orbit, but the result is the same as for the I 

first score. I 


The total data volume annual requirement profile is shown in Table 5-12. 
In the last line of the table the volumes are sunned for all payloads for each 
year. This data is plotted in Figure 5-4. Note that the driver year is 1987 


during which the volume jumps from 1.77E12 to 11.4E12. 


The premission annual requirement profile is tabulated in Table 5-13 and 
plotted in Figure 5-3. The driver year is 198D during which the requirement 
increases four-fold. 


The real time operations annual requirement profile is tabulated in 
Table 5-14 and plotted in Figure 5-3. The driver year is 1986 since the re- 
quirement peaks during this year. 


The annual requirement profiles for real time data handling, quick look, 
preprocessing, and analysis are given in Tables 5-15 through 5-18. The pre- 
processing requirement is plotted in Figure 5-4 and is typical of the four 
functions. The driver year is 1987 during which a very significant increase 
in the processing requirements occurs. Also 1980 is a driver for premission 
requirements, and 1985 is the driver year for real time operations. 


TABLE S-12 DATA VOLUME ANNUAL PROFliLE FOR HliQH ENERGY ASTROPHYSICS FREE FLIERS (1E12 BITS/YR 


Payloads 79 80 
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HE-12-A 
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TABLE S>U REAL TIME QPERATIOriS ANNUAL REQUIREMENTS PROFILE FOR HIGH ENERGY ASTROPHYSIGS FREE FLIERS 
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Payloads 
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TABLE S>16 QUICK LOOK ANNUAL REQMREHEHTS PROFILE FOR HIGH ENERGY AilROPHYSlCS FREE FLIERS 


Payloads 
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TABLE 5-12 PREPRQGESSING ANNUAL REQUIREMENTS PROFILES FOR HIGH EHERGY ASTROPHYSICS FREE FLIgRS 


Payloads 
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table S-1B ANALYSIS ANNUAL REQUTREHENTS PROFILES FOR HIGH ENERGY ftSTROPHYSlCS FREE FLIERS 
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TABLE 5-19 ANNUAl 0tfTA VOLUMES ANO REQUIREMENTS PROFILES FOR COMBINEO 
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5.5 Combined Astronomy and High Energy Astrophysics Free Rier Weights 


Astronomy and high energy astrophysics are so closely related that the 
operations and data processing for their payloads may be performed at the same 
centers. Thus, it is appropriate to investigate the impacts of considering 
the two disciplines together. The combined discipline data volumes and weights, 
obtained by adding the discipline totals of Tables 5>12 to 5>18 to those of 
Tables 5-3 to 5-9, respectively, are summarized in Table 5-19. The totals are 
plotted in Figures 5-5 and 5-6. Again, the data volume dependent processing 
blocks are adequately represented by preprocessing. 

The years 1980 and 1990 are judged to be the driver years for premission 
processing, the former because it is an early peak and the latter because it 
is the highest peak. The first year reflects the premission requirements 
mainly of high energy astrophysics. The real time operations driver year 
appears to be 1989, corresponding to the highest peak, although the jump in 
1985 makes that year a possible candidate. It appears from Figure 5.5, however, 
that a system buildup to accommodate 1989 would probably automatically take 
care of 1985; therefore the latter year is ruled out as a driver. The other 
processing functions (see Figure 5-6) indicate 1987 is the driver year, as was 
noted for each of the disciplines separately. 

5.6 Astronomy and High Energy Astrophysics Sortie Sata Volumes 

The sortie data volumes were derived from SPDA data, from Facility Defini- 
tion Team (FDT) reports, and from the Red Books {Reference 8). The data volumes 
are summarized payload-by-payload below. Unless otherwise specified, all sortie 
payloads are assumed to be carried in a 30 day mission having 16 orbits per day 
and 29 days of useful observing time. Two 30 day missions per year are assumed. 
In some cases separate preprocessing and dialysis volumes are determined, as 
described in Section 5.2. 


. f -J 
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SpaceTab Ultraviolet - Optical Telescope (SUOT) Direct imaging camera 
(DIC); degree diameter field of view (F0V)/.1375 arcsec instant- 
aneous FOV (IFQV, or pixel) (corresponding to lOum in focal plane at 
f/15 telescope - FOT interim report) = 1.346 E8 pixels/eircular frame 
(after scanning and digitizing film) x 2.5 trames/orbit average 
(Gull - 2 or 3) = 3.365E8 bits/orbit. Echelle spectrograph (operates 
concurrently with DIG): 1E5 resolving power (SPOA) gives .25E8 pixels/ 
square frame (Reference 5) x 120/160 fraction containing usable 
spectrum (Reference 5 - trapezoidal frame envelope for spectrum) 

» .1875E8 pixels/trapezoidal frame x 2 frames/orbit assumed 
= .375E8 pi_)«ls/orbit. Add DIG and echelle volumes and %% for calstrios 
(assumed) x 12 bits/pixel = 2.1btl2 oits/mission or 4.3GG12 bits/yr. 


Schmidt Camera/$pectrograph 11 degree diameter FOV/20 arcsec I FOV 
(data from Red Books) = 3.08E6 pixels/circular frame x 2 frames/orbit 
(20 minute exposure each - Red Books) x 12 bits/pixel = .0343E12 bits/ 
mission or .068E12 bits/yr. 


Schwartzschild Camera .2 rad diameter FOV/12 arcsec IFOV (data from 
Red Books) = .0928E8 pixels/circular frame x 2 frames/orbit (20 
minute exposure each - Red Books) x 12 bits/pixel = .103E12 bits/ 
mission or .206E12 bits/yr. 


^all IR Cryogenic Telescope 1E7 bits/day (Red Books) = ,29E8 
bits/mission or .58E3 bits/yr. 


Extreme Ultraviolet (EUV) Imaging Telescope Analysis data volume (i.e. 
a^ter significant compression during preprocessing): about 1000 
pixels/image (Red Books - consistent with 10 cm square RAN I CON 
detector* 100 cm focal length yielding .1 rad rOV and 10 arcmin 
IFOV) x 1 frame/orbit average (Red Books - 1 min to 5 hr exposure) 

X 12 bits/pixel = 6E7 bits/mission or 12E7 bits/yr. Preprocessing 
data volume (for real time, quick look and preprocessing): 20 kbps 
(Red Books) x 80 min exposure/orbit (assumed) = .0445E12 bits/mission 
or .089E12 bits/yr. 


EUV Spectrometer Analysis data volume: 24 channels/frame width 
(assuming 75mm frame size and same channel density as for EUV 
Imaging Telescope which has 32 channels over IGOmm) x 5 pixels/ 
channel (assuming slit width/length ratio of 5:1) x 15 frames/orbit 
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(assuming 6 sec exposure average/frame from 2 sec to 10 sec/frame i 
for sweep of 1 ** S®/sec - Red Books) x 12 bits/pixel = ip bitymisslon | 
or 2E7 bits/yr. Preprocessing data volume:4Q kbps x 5 mln/orbit | 
+ 10 kbps X 85 min/orbit(5 min on aurorae - Red Books) = .63E8 bits/orbit I 
= .029E12 bits/mission or .Q58E12 bits/yr ; I 


uy Photometer Analysis data volume:12 detectors (Red Books) x 2 
settings/orbit (20 min/setting - Red Books) x 16 bits/word = .19E6 
bits/mission or .38E6 bits/yr. Preprocessing data volume:2.7E7 bits/ 
day (Red Books) = 7.8318 bits /miss ion or 15.6E8 bits/yr. 


MicroChannel Spectrometer Analysis data volume: future projected 
spectral bandv/idth (Red Book) 900A/1A resolution = 900 pixels/exposure 
X 3 exposures/orbit (assuming 20 min exposure average -10 sec to 
1 hr - Red Books) x 12 bits/pixel - 1.5E7 bits/mission or 3E7 
bits/yr. Preprocessing data volume: present data rate of 5E5 (Red Books) 
projected to 5E6 bps (based on expected 10-fold increase in sensi- 
tivity and electronic bandwidth - Red Books) x 60 min exposure/orbit 
(assumed) = 8.352E12 bits/mission or 16.704E12 bits/yr. 

UV Pplarimeter 1 kbps (Red Books) x 2/3 duty cycle/orbit (assumed) 

= .167E10 bits/mission or .334E10 bits/yr. 


lUE Spectrograph Assume same rate as for free flying lUE = 1E8 bits/ 
day = .29E10 bits/mission or .58E10 bits/yr. 


^b'''ent Temperature IR Telescope 14.2E8 bits/day (SPDA - see free 
flier version in Section 5.1 for details) = .0412E12 bits/mission or 
•0824E12 bits/yr. 


30m IR L8I 65.6E8 bits/day (SPDA - see free flier version in 
Section 5.1 for details) = .19E12 bits/mission or .38E12 bits/yr. 


Beep Sky Ultreviplgt Sgryey Telescope (DUST) .087 rad diameter 
F0V(SPDA)/1 arcsec IFOV (assumed - corresponding to 7y pixel on film, 
a reasonable size according to S'JOT FDT report) * 2.53E8 pixels/ 
circular image x 12 bits/pixel x 6 frames/orbit (SPDA - 2 exposures 
for each of 3 cameras) = 8.45E12 bits/mission or 16.90E12 bits/yr. 


Spacelab IR Telescope Facility (SIRTF) 25 kbps (Melugin) x same 
exposure time/orbit as for free flying Cryogenically Cooled IR 
Telescope = 12.1E8 bits/day = .0351E12 bits/mission or .07112 bits/yr. 
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0 Very Wide Fielj. Galactic Camera TOO** diameter FOV (60^ to 100^ - SPDA)/ 
1 arcmin IFOV (assumed from SPDA pointing stability of 1 arernin) 

= .265E8 pixels/circular frame x 2 frames/orbit (SPDA - 2 cameras, 

1 frame each) x 12 bits/pixel = .295E12 bits/mission or .59E12 bits/yr. 


The high energy astrophysics sortie payloads were assumed to operate at 
a .5 duty cycle to allow for pointing, earth blockage, etc. A thirty day mission, 
of which 29 days may be used, was assumed, and two missions were assumed per 
year. The data rates were taken directly from the Red Books and multiplied 
by 43200 sec/half-day times 29 days/mission times 2 for the yearly volume. The 
resulting volumes are summarized in Table 5-23 in the next section. 








5.7 Astronomy and High Energy Astrophysics Sortie Weights 

The payload weights for astronomy and high energy astrophysics payloads 
are tabulated in Tables 5-20 and 5-21, respectively. The criteria established 
in Sections 5.1 and 5.2 were used to set the weights. The block summed weights 
and the net score, computed just as in Sections 5.3 and 5.4, are summarized in 
Tables 5-22 and 5-23 for astronomy and high energy astrophysics, respectively. 

The discipline weights for the sorties are obtained by summing the block 
weights over all payloads contained in a sortie flight, thereby requiring 
candidate flight cargo inventories. The Red Books define one such flight, a 
"typical" flight, (called "Group HI") for astronomy and two such flights 
("Payload A" and "Payload B", respectively) for high energy astrophysics. The 
Red Book "Group III" flight is described in Figure 5-7, and the high energy 
"Payloads A and B" are suimiarized in Table 5-24. An alternative to the astronomy 
flight is obtained by replacing the SUOT with a OUST. Although the mission 
analysis has not been performed on that configuration, it appears to be viable 
because the OUST dimensions compare with the SUOT. Three other astronomy sortie 
payloads are considered, but their size or usage require flying alone. The 
resulting five astronomy sortie flights are summarized in Table 5-25. It would 
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TABLE 5-22 DATA VOUilMES. BLOCK WEIGHTS. AKD SCORES FOR ASTRQNGHY SORTIES 


I PAYLOAD 

SUQT 

AS-42-S (Vol 2, p 3.17) 
Sch midt Camera/Spectr, 
AS-41-S (Vol 2, P 3.37)' 
Schwartzschild Can'era 
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Small IR Grvo. Telesc. ' 


Data 
Volume 
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TABLE 5-23 DATA VOLUMES. BLOCK WEIGHTS » AND SCORES FOR HIGH ENERGY ASTROPHYSICS SORTIES 
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Volume 
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TABLE i-24 

SPACELAB HIGH ENERGY ASTROPHYSICS 

DEDICATED MISSION PAYLOADS f 


I. PAYLOAD A 

GSFC I.D. 

1973 Woods I.D. 

Descri ption 

G II. 

SX-3 

HIGH ENERGY SOURCES 

G III. 

SX-7 

BPJVGG SPECTROMETER 

G IV. 

SG-8 & 9 

HIGH ENERGY GAMMA RAYS 

G V. 

SG 5 & 8 

LOW ENERGY GAMMA RAYS & 
NUCLEAR LINES 

G VII. 

SC 1 & 4 

TRANSITION RADIATION 
ELECTRON SPECTROMETER 

11. PAYLOAD B 

G I. 

SX-1 

LARGE AREA X-RAY WITH 
CONCENTRATOR 

G VI. 

SC 1 & 4 

IONIZATION SPECTROMETER 

G VIII. 

SC-4 

NEGATRON POSITRON 

G IX. 

SC-2 

ISOTOPE ABUNDANCE 
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AS-42-S (Vol 2, p 3.17 
Schmidt Ca-era/Spectr. 
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Small IR Grvo. Telesc. 
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EUV Specvrometer 
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Microchanrel Spectr 
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lUE Spectrograph 
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Small P/L's) 


S 

A 
















































' ' ; -J ■ : r ; i i 

■i ' 

! : i i 

#SB» ... ..J... .i, 


I 

I 


also be possible to have combined astronomy/high energy astrophysics sortie 
flights, but it Is apparent from the scores in Tables S-22 and 5-23 that the 
requirements imposed by astronomy alone flights will be greater than for com- 
bined flights whose requirements would be diluted by the relatively low score 
high energy astrophysics payloads. Therefore, combined missions are ignored. 
Tables 5-24 and 5-25 are used for summing the block weights over the seven 
candidate flights for discipline sortie weights just as Tables 2-1 and 2-2 were 
used to obtain the discipline weights for the corresponding free fliers. 

The resulting flight data volumes and net requirements for each process 
block and each flight are summarized in Tables 5-26 to 5-32 for the astronomy 
sorties and in Tables 5-33 to 5-39 for the high energy astrophysics sorties. 

The Red Book "Group III" flight and its modified version show about the same 
premission and real time operations requirements, and both are far above the 
other astronomy flights. The modified "Group III" mission exhibits the 
greatest data volume and utilization of all other processing functions, al- 
though the unmodified version is not far behind. Thus, at this point these 
two missions are considered the astronomy drivers. Of the high energy astro- 
physics flights the tables show that "Payload A" is the driver mission for that 
discipline. 

5.8 Driver Payloads 

The driver groupings found in the previous sections are summarized in 
Table 5-40. The task at hand is to select individual driver payloads from 
these groups, as described in Section 4. The chosen payloads, along with the 
reasons, are: 

0 Cryogenically Cooled IR Telescope - highest data volume and processing 
requirements (score), representative IR facility, continuous usage 
after 1985, responsible ft, making 1985 a driver year, driver in all 
blocks. 
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TABLE 5-26 DATA VOLUMES EQR ASTRONOMY SORTIES j 

(UjNITS of 10^^ BITS/YR) I 


Payloads* 

Candidate Flights i 

Red Book 
"Group III" 
(SUOT + 

Small P/L‘s) 

Modified 
"Group III" 
(DUST + 

Small P/L‘i) 

SIRTF 

Alone 

- 

iOm IR 
LB I 
Alone 

- 

Ambient 
Temperature 
IR Telesc. ' 
Alone . 

AS-04-S 

SUDT 





• 

AS-42-S (Vol 2, p 3.17) 
Schmidt Gamera/Spectr. 

.07 

.0? 



• 
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JO 
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t ■ 
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30m IR LB I 






AS-Q3-S 

DUST 


?.f5 




AS-Ql-5 
SI RTF 



.0^ 


‘ *t ' ' 

AS-05-S 

Very Wd. Field Gal. ram. 

M 0 c 

u 1 e mo 

u n t i n ( 

\ only. 

« 

Flight Total 

to. 77 


.d>4 

./r 
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♦Volume, page refer to Red Books -'Vj ^ 
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‘ TABLE 5-27 PREMISS ION REQUIREMENTS FOR A$TRQNQMY SORTIES 
(UNITS OF IQ^^/yR) 


Payloads* 

Candidate Flights 

l{ed Book 
^•Group in*' 
(SUOT + 

Small P/L‘s) 

Modified 
“Group III" 
(OUST + 

Small ?/L‘s) 

SI RTF 
Alone 

r 

30m IR 
LBI 
Alone 

IVnbient 
remperature 
IR Telesc. 
Alone * 

AS-04-S 

SUOT 

/.?5 





AS-42-SlVol 2, p 3.17) 
Schmidt Gamera/Soectr. 

lAo 

lAO 
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I.IS 

LIS ■ 
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py 

/.?-• 
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EUV Imag,. Telesc. 

l.U 

Z.2 5' 




(Vol 2. p 3.30) 
EUV Spectrometer 


}A5 




(Vol 2, p 3.33) 

UV Photometer ! 

Uo 

LP 


* 


(VoT 2, p 3.42) i 

MicroChannel Spectr. 

/ZO 

/.zo 




(Vol 2, p 3.43) 
UV Polarimeter 


lAo 




i {Vol 2, p 3.47 
lUE Spectrograph 

f.iy 

LIS 

1 



AS-15-S 

Amb. Temp. IR Telesc, 



1 



AS-09-S 
30m IR LBI 




lAo 


AS-03-S 

OUST 


IAS 



1 

AS-Ol-S 
SI RTF 



lAo 



AS-05-S 

Very Wd. Field Gal. Cam. 

M 0 ( 

u 1 e mo 

u n t i n < 

1 only. 

\ 

Flight Total 

is.lo 

Mo . 

fAo 

lAo 

/Si 


♦Volume, page refer to Red Books 


*3 

i 

I 

j 

,5 

i 

5 


1 




1 

1 


I 


!' I 

i 

-j 



II 

1 1 
i j 





. TABLE 5-28 REA_L TIK^ OFERnTlONS RIQUIRIillNTS FOR ASTRONOMY SOR 


UNITS OF 10 


Candidate Flights 


Payloads* 


AS-G4-S 

SUOT 


AS-42-S (Vol 2, p 3.17) 
Schroi dt Camera/ Sjectr, 


AS-41-S (Vol 2, p 3.37) 
Schwartzs chi I d Camera 


Vol 2, p 3.25 
Small IR CrvQ. Tel esc 


Vol 2, p 3.43 
UV Po lari me ter 


Vol 2. p 3.47 
iUE Spectreqraph 


AS-15-S 
Amb. Temp. IR Telesc 


AS-09-S 
30m JR LBI 


AS-03-S 

DUST 


AS-OI-S 
S I RTF 


Flight Total 


Modified 


"Group III" 
{DUST + 

SI RTF 

Small P/L's) 

Alone 


/f.v 








y. 


4,f 


^.5 


/4.^ 




/4 ? 


M 0 


//7 C 




/Z.€ 




14.1 


ule mountin 


/nj; 


14.7 


only. 


I4r.7 


f4.7 


*Volume, page refer to Red Books 








































AS-42-S (Vol 2, p 3.17) 
Schmidt CaT^era/$i>ectr. 


AS-41-S (Vol 2, p 3.37)‘ 
Sehwartzschi Id Camera 
(Vol 2, p 3.25) 

Small IR Cryo. Telesc. 


(Vol 2, p 3.27)” 
iuv Imao. Telesc. 
(Vol 2, p 3.30) 
EUV Soectrometer 


(Vol 2. p 3.33) 

UV Photometer 
(Vol 2, p 3'.42) 

Mi G rochanne 1 Spec tr 


If 


(Vol 2, p 3.43 
UV Polarimeter. 
(Vol 2, p T.47 
lUE Spectrooraph 


A 



.£ 

J, 

X 

£ 

SOJ I 

.O 

.0 


AS-15-S 

Amb. Temp. IR Telesc. 
AS-09-S 

30m IR LSI 

AS-03-S 

DUST 

AS-Ol-S 

SI RTF 

AS-05-S 

Very Wd. Field Gal, ram 
Flight Total 


M 0 q u 


^lA 


•Volume, page refer to Red Books 


5 - 






























































P?yloads* 


AS-04-S 
SUOT 


|"Group III" 
;U0T + 
^all P/L's 


QIP 


AS-42-S tVol 2. p 3.17) 
Schmi dt Camera/ Spec tr. 


A.S-41-S (Vol 2. p 3.37) 
Schwartzschild Camera 


(P 


I A 


{Vel 2, p 3.25} 

Small IR CrvQ. Telesc. 
(Vol 2, p 3.27} 




EUV Imaq. Telesc. 


/J 


(Vol 2, P 3.30r 
EUV Specirometer 
(Vol 2, P 3,33) 




UV Photometer 


P 


(Vol 2, p 3.42) 
MicroChannel Soectr. 

(Vol 2, p-3.43) 

UV Polarimeter 

(Vol 2, p 3.47 

iUE spectrograph 

AS- 15-5 

Amb. Temp. IR Telesc. 
AS-09-S 

30m IR LB I 

AS- 03- 5 

DUST 

AS-Ol-S 

SIRTF 

AS-05-S 

Very Wd. Field Gal. Tarn 
Flight Total 




X 

J 


M 0 

Zi?P 
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TABLE 5-31 PREPROCESSING REOUIREMENTS FOR ASTRONOf-^Y SORTIES 


UNITS OF 10‘^/YR 


Candidate Flights 


Payloads* 


AS-04-S 

SUOT 


AS-42-S (Vol 2, p 3.17) 
S.GbJTii dt Gamera/SDectr . 


AS-41-S (Vol 2, p 3.37J 
Schwartzscni 1 d Camera 


(Vol 2, p 3.25) 

Small IR Gryo. Telesc. 


Vol 2. p 3.27 
EUV Imae. Telesc. 


Vol 2, p 3.30) 
EUV Spectrometer 


Vol 2, p 3.33 
UV Photoineter 


ec 


(Vol 2, p 3.43) 
UV Pol a rime ter 


Vol 2. p 3.47 
lUE Soeetrograph 


AS-15-S 

Amb. Temp. IR Telesc. 


AS-09-S 
3Qm. IR LBI 


AS-03-S 

DUST 


AS-Ol-S 

SIRTF 


AS-05-S 

Very Wd. Field Gal 


II" 

L's: 


/J5.Z 








// 


.f 


J3 


SIRIF LB 
Alone A1 


mp ' 

U7P 

p 

o 

•i 

,z 


ht Total 


‘Volume, page refer to Red Books 


M 0 


J/J.4 


^-SGJ 


ule mounting 




rbient 
empe nature 
R Telesc. 
ilone 


only. 











































TABLE 5-32 ANALYSIS REQUIREMENTS FOR ASTRONOMY SORTIE 


UNITS OF IQ'VYR 


Candidate lights 


Payloads* 


AS-04-S 

SUGT 


AS-42-S {Vol 2, p 3.17) 
Schml d t Ganie / S.p.ectt'., 


AS-41-S (VqT 2, p 3.37 
Schwartzschild Cairera 


Vol 2, p 3.30) 
EUV Spectrometer 


Vol 2, p 3.33) 
UV photometer 


MicroChannel Ssectr 


Vol 2\ p 3.43/ 
UV Po lari me ter 


Vol 2. p 3.47 
lUE Spee.trograo.h 


led Book 

Modified 

Group HI" 

"Group III" 

SUOT + 

{OUST + 

;mall P/L's) 

Small P/L's) 


5HV 


f.V 

\ ri' 

I'h.'S I 

\ 1‘ts 


.0 

.0 

.0 

■0 

.0 


.0 


X 

X 

.c 

.Q 


AS-09-S 
30m IR LSI 


AS-03-S 

DUST 


AS-Ol-S 


AS-D5-S 

Very Wd. Field Gal 


Flight Tota 


Volume, page refer to Red Books 


M Q 


iOL7 




e mo| anting 









































TABLE 5-T3 DATA VOLUMES FOR HIGH ENERGY ASTROPHYSICS SORTIES 


UNITS OF IQ’** BITS/YR) 


Candidate Flights 


Payloads 


SX-3/GII 

Hi Eneroy Sources 


SX-7/GIII 

Polarim/Braag Spectr 


9/G 
• Ga 


SG5 i 8/GV 

Low En. Gam. Ray & N.uc 


SCI & 4/GVII 
Trans. Rad. Spectr, 


SXl/GI 

Lq Area X-Ray w/Concentr. 


SGI & 4/GVI 
loniz. Spectrometer 


SC4/6Vin 

Neg a tr on / P o s i ti on 


SCP-/GIX 

Isotcoe Aburidance 


Flisht Total^ 


Red Book Red Book 
"Payload A" "Payload B 






,olo 






,ois 


,OfJ 


MO 


























»t t 






xsT^ri^i' 


TABLE 5-34 PREMISSIQ.N RIQUIR1HENT5 FOR HIGH ENERGY ASTROPHYSIGS SQRTIES 
(UNITS QF 1Q^^/yr^ 


Payloads 

Candidate Flights 

" 

Red Book 
"Payload A" 

Red Book 
"Payload B" 

SX-3/GII 

H.i En.erqy Sources 

/.25 


SX-7/GIII 

Polarim/BraQq Scectr. 

/. 2 ^ 


S68 & g/Giv 
Mi En. Ganiia Rays 

1.^0 


SG5 & 8/GV 

Low En. Gam. Ray & Nuc, 

i.:>o 


SCI & 4/GVII 
Trans. Rad, Soectr. 

1X0 


SXl/61 

Lq Area X-Ray w/Concentr. 

* 

A tS 

SGI & 4/GVI 1 

loolz. Spectrometer 

1 

US' 

SC4/GVIII 

Neqa tron/ Pos i ti on 


i.5o 

SC2/G1X 

Isotope Abundance 



Fliqht Total 

€.?0 

5. to 






If 


TABLE 5-315 REAL TIME OPERATIONS REQUIREMENTS FOR HIGH ENERGY ASTROPHYSICS SORTIES 


UNITS OF IQ'VYR 


Candidate Flights 


■UU 

I 


Payloads 


SX-3/GII 

Hi Enerav Sources. 


SX-7/Gm 

Polarim/Braao Soectr. 


SG8 & 9/GIV 
Hi En. Gamma Ravs 


30 u o/Gv 

Low En. Gani, Rav & Nuc 


SCI A a/Gvii 

Trans. Rad. Scectr. 


SXl/GI 

Lg Area X-Ray w/Concentr. 


SCI A 4/GVI 
I Qfi i 2 . S pec t rome te r 


SC4/GVIH 
Nea.atron/Posi ti.on 


SC2/GIX 

I sotope Abundance 


bt Total 


Red Book Red Book 
"Payload A" "Payload B" 


4Z .o 























table 5-36 REAL TIME DATA HANDLING REQUrREKENTS FOR HIGH 


ENERGY ASTROPHYSICS SORTIES (UNITS OF 10‘VYR) 


Candidate Flights 


Payloads 


I Red Book - Red Book 
"Payload A" "Payload B" 


SX-3/GII 

Mi Energy Sources 

SX-7/GIII 

Polarim/Braag Spectr. 

SG8 & 9/GIV 

Hi Efi. Ganma Rays 

SG5 & S/GV 

Low En. Gam. Ray & Nuc. 

sei a 4/GVlI 

Trans. Rad. Spectr. 

SXl/GI 

Lq Area X-Ray w/Goncentr. 
SGI i 4/GVI 

I oni z . S Dec trome te r 

SC4/GVIII 

Neqa tron '^Pos i ti on 

SC2/G1X 

Isotope Abundance 

Flight Total 





TABLE S-37 GUICK LOOK REQUIREMENTS FOR HIGH ENERGY 


ASTROPHYSICS SORTIES (UNITS 0F lo'VYR 



Candidate 

Fl ights 

■s 

4 

A 


j 

Red Book 

Red Book 

1 

1 

: n 

Payloads 

1 

“Payload A" 

■•Payload B” 

! 1 


SX-3/6II 

HI Enerav Sources 


S 

P 


SGI & 4/GVII 
Trans, Rad. Soec.tr. 


Area X-Rav w/Concent 


1 .7C 


SG8 i 9/GIV 1 

Hi En. Ganma Ravs 

7 ^ 
* * 

SG5 a B/G'ti 

Low £n. Gam. Rav 4 Nuc, 

1 . 7 ^ 


SC4/GVIII 
Neoatron/Posi tion 


SC2/GIX 

Isotope Abun dance 




JC 


I AC 










TABLE 5-38 PREPRQGESSING REQUIREMIHTS FOR HIGH ENERGY 
ASTROPHYSICS mMSm (UNITS QF TO^^/YR) 


Payloads 

Candidate Flights 

Red Book 
"Payload A" 

Red Book 
"Payload B" 

SX-3/QII 

Hi Energy Sources 




.to 


SG8 & 9/6 rV 
HI En. Oatipia Rays 

At 



.55 


SGI & 4/GVII 
Trans, Rad. Spectr. 

I.K 


SX1/6I 

Lq Area X-Ray w/Goncentr. 



SCI & 4/GVI 
loniz. SDectrometer 



$G4/6VII1 

Mega tron/ Pos i ti on 

1 

mmk 

SG2/GIX 

Isotope Abundance 


.39 

Flight Total 

iXl 

i.'n. 






















TABU 5-39 ANALYSIS RIOUIREMENTS FOR HIGH ENERGY 


ASTRQPHYSIC SORTIES (UNITS OF IQ’VYR 


Candidate Flights 


Payloads 


SX-3/6II 

HI Enerov Sourtes 


SX-7/GII1 

Polarim/Braoo Soectr. 


SG8 i 9/GIV 
Hi En. Gamma Ravs 


SCI & 4/GVII 

Tran s flag. Spectr, 

SXI/GI 

Lg Area X-Rav w/C.oncentr, 


SCI & 4/GVl 

loo i z . S pec trome te r 


SC4/GVIII 
Neqatron/Fosi tion 


SC2/GIX 

Isotope Abundance 


Flight Total 








3.fo 


7.n 


Z.47 


J7 


/Jj 


/.Si 


/.z9 




5-6 






















TABLE 5-40 SUMMARY OF ASTRONOMY AND HIGH ENERGY ASTROPHYSICS DRIVER GROUPS 



PREHISSIGN 

FUNCTIONS 

REAL TIME 
OPERATIONS 

DATA VOLUME AND 
DATA PROCESSING 

Astronomy (AS) Free Fliers 

1985 (early jump) 
1988 (highest peak) 

1985 (early jump, 
almost highest peak) 

1985 (early jump) 
1987 (highest peak) 

High Energy Astrophysics (HE) 
Free Fliers 

1980 (early peak) 

1986 (highest peak) 

1987 (jump to almost 
highest peak) 

AS and HE Combined 
Free Fliers 

1980 (early peak) 
1990 (highest peak) 

1989 (highest peak) 

1987 (jiump to highest 
peak 

AS Sorties 

Red Book "Group III" 
Modified "Group III" 

Red Book "Group III" 
Modified "Group III" 

Modified "Group III" 

ME Sorties 

Red Book "Payload A" 

Red Book "Payload A" 

Red Book '^Payload A" 










■i iT- i'. ■ . j 





r 


I 

4 


! 


r. I : ,i ..‘"7 

\ ! • • - 

■i ' ‘ ' 

..... ... 



t 

J 


V 




0 Advanced Radio Astronomical Explorer (ARAE) - high data volume and 
requirements, representative of LBI's, continuous usage. 


0 IR LBI - second driver in 1987 group, similar in principle to ARAE 
but with different {heterodyne optical quadratic rather than linear) 
detection technique. 


0 Deep Sky Ultraviolet Survey Telescope (DUST) - high data volume 
(caused by high data storage on film) and processing requirements 
representative of objective spectrum instruments and of surveys. 


0 MicroChannel Spectrometer - high preprocessing data volume, real time 
data handling and preprocessing requirements. 


0 Spacelab UV - Optical Telescope (SUOT) - high data volume and 

processing requirements (but not as high as DUST), diversity of focal 
plane sensors used, representative of general facility, higher pre- 
mission and real time operations requirements than DUST. 


0 Cosmic Ray Laboratory - overshadows all other ME payloads during 1987 
to 1991 period, representative cosmic ray facility. 


0 Large X-Ray Telescope - presence in two driver groups (1986 and 1987), 
representative of x-ray facility. 


0 Large High Energy Observatory (HEO) - B - premission driver, large 
processing requirements; however contains magnetic spectrometer 
as does the Cosmic Ray Laboratory. 


o High Energy Sources - highest processing requirements, representative 
of x-ray detection, utilizes spectral, spatial, and temporal analyses. 


Consideration of astroncmy and high energy astrophysics together yielded the 
Cosmic Ray Laboratory, the Cryogenically Cooled IR Telescope, and the Large 
HEO - B, all of which were already indicated above. 
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As noted In Section 4, the driver selection was also performed by ranking 
the payloads by net score. For that purpose the sortie scores were converted 
from a per mission to a per year basis by doubling (two missions per year). The 
resulting payload rankings are given in Tables 5-41 and S-42 for astronomy and 
high energy astrophysics, respectively. Those payloads already pinpointed as 
drivers in the groupings are marked with asterisks. The presence of asterisks 
in the high end of each table denotes a high correlation between the two methods 
for choosing drivers. The same driver list defined earlier is retained with the 
following modifications. The SUOT is deleted, but both versions of the Red Book 
“Group III" astronomy mission (SUOT + small P/L's and DUST + small P/L's) are 
added. High Energy Sources alone is deleted, but the whole "Payload A", in- 
cluding that payload, is added. Although relatively high in the ranking, the 
IR LBI is deleted because of its similarity to the ARAE. The resulting final 
list of driver payloads is summarized, along with all the other disciplines in 
Section 8. 
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TABLE 5-41 ASTRONOMY RANKING 



Rank 

* 

Payl oad 

Mode 

Score 

* 1 . 

Modified "Group III" (DUST + Small P/L's) 

S 

5540.2 

* 2. 

OUST 

S 

4323.2 

* 3. 

Red Book "Group III" (SUOT + Small 9/Vs) 

S 

2832.8 

* 4. 

SUOT 

s 

1615.8 

* 5. 

Cryogenically Cooled IR Telescope 

FF 

1567.5 

* 6. 

MicroChannel Spectrometer 

S 

932.4 

* 7. 

2 Advanced Radio Astronomy Explorers 

FF 

531.6 

* 8 . 

IR LBI 

FF 

282.4 

S. 

Large Radio Observatory Array 

FF 

256.2 

*10, 

1 Advanced Radio Astr. Explorer 

FF 

265.8 

11. 

Ambient Temp. IR Telescope 

FF 

169,2 

12. 

Microwave LBI 

FF 

156.1 

13. 

Very Wide Field Gal. Cam. 

S 

155,6 

14. 

4 Cosmic Background Explorers 

FF 

152,0 

15, 

Submillimeter Telescope 

FF 

124.0 

16. 

Space Telescope 

FF 

98.4 

17. 

Extra Coronal Lyman Alpha Expl. 

FF 

95.0 

18, 

30m IR LBI 

S 

75.2 

19, 

Radio Explorer 

FF 

65.6 

20. 

Schwa rtzschi Id Camera 

S 

66.2 

21. 

SI RTF 

s 

57.8 

22. 

Amb. Temp. IR Telesc. 

c 

57.8 

23. 

1 Cosmic Background Expl . 

FF 

38.0 

24. 

Schmidt Camera/Spectrograph 

S 

35.0 

25. 

lUE Spectrograph 

S 

33.8 

26, 

EUV Imaging Telescope 

S 

29.0 

27. 

lUE 

FF 

27.2 

28. 

Small IR Cryo. Telescope 

S 

23.8 

29. 

lUE Photometry 

FF 

22.6 

30. 

EUV Spectrometer 

S 

16.2 

31. 

UV Polarimeter 

S 

15.4 

32. 

UV Photometer 

S 

14.8 


*Drivers from groups 
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TABLE 5-42 HIGH ENERGY ASTROPHYSICS 

RANKING 


' i 

1 

1 Rank 

Payload 

Hode 

Score 

i * ’• 

Cosmic Ray Laboratory 

FF 

1547 

J * 2. 

3 Large HEO-B‘s 

FF 

186 

; * 3. 

Red Book "Payload A" 

S 

166 

i 

Large HEO-A 

FF 

84 

i 5. 

1 

Red Book "Payload B" 

S 

76 

1 * 6. 

1 

Large X-Ray Telescope 

FF 

64 

^ 7 

1 i 

1 Lar^e HEO-B 

FF 

62 

! 8. 

Large HEO-G 

FF 

52 

I * 9. 

High Energy Sources 

S 

SO 

! 10. 

3 Small HE Satellites 

FF 

45 

i n. 

Large HEO-D 

FF 

39 

1 ^2. 

Extended X-Ray Survey 

FF 

37 

; 13- 

Trans. Rad. Spectrometer 

S 

35 

14. 

1 

Low Energy Gamma Rays 

S 

31 

' 15. 

1 

High Energy Ganna Rays 

S 

27 

I 16. 

Large Area X-Ray w/Goncentr. 

S 

25 

1 17. 

HEAO-C 

FF 

23 

j 18. 

Polarim. /Bragg Spectr. 

S 

23 

19. 

Isotope Abundance 

S 

17 

1 20. 

Ionization Spectrometer 

S 

17 

i 21- 

Negatron/Positron 

S 

17 

22. 

1 Small HE Satellite 

FF 

IS 

23. 

High Latt Cosmic Ray Survey 

FF 

6 


♦Drivers from groups 
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EARTH OISERVATIONS. EARTH AND OCEAN PHYSICS, AND 
COHMUNICATION/NAVIGATION DISCIPLINES 


The weighting process for these disciplines was identical to the previous 
section except for the use of a single "analysis" function. The analysis weight 
was chosen equal to the total preprocessing weight (exclusive of image digitiza- 
tion, which was provided only for film) because* it is estimated that the total 
preprocessing and analysis operations will be comparable. 


While the data rates were all taken from the SPDA, the total daily volume 

of Landsat D was considered insufficient for future use. Instead of the 

1 2 

1.13 X 10" bits/day, one of the 3 Landsats was assumed to have 2.2 x 10 
bits/day. This corresponds to 10 minutes of use per orbit of the synthetic 
aperture radar and 20 minutes per orbit for the Thematic Mapper. 


In these disciplines the payloads with data defined for NQAA have not been 
scored for data handling blocks. They have, however, been scored for premission 
and real time operations blocks as this will be handled by NASA. 

Figure 6-lA gives the data rates as a function of time for Earth Observations, 
Figure 6-lB that of Earth and Ocean Physics. Table 6-1 gives the ratings 
• assigned to the different processes. Tables 6-2, 6-3, 6-4, 6-S, 6-6, and 6-7 
give the weights finally assigned each process and payload. The corresponding 
profiles are plotted in Figure 6-2. The score for Landsat D is so much larger 
than for the other payloads that the last four profiles which depend on data 
volume, coincide. They are: 

a. Real time data handling 

b. Quick look 

c. Preprocessing 

d. Analysis 

Only one profile Is given for these blocks. The driver selected for this 
discipline is Landsat 0. 


t 
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Tables 6-8, 6-9, 6-10, 6-11, 6-12, 6-13, and 6-14 and Figure 6-3 give these 
same data for the discipline of Earth and Ocean Physics. Similar to the Earth 
Observations discipline, the data load from Seasat B and Global Earth and Ocean 
Monitoring Satellite System is much greater than the sum of all other payloads 
of the discipline. Therefore the normalized profiles of the last four blocks 
again coincide. They have therefore not been given in separate plots. 

Of the Communication and Navigation discipline the choise was limited to 
Search for Extra Terrestrial Intelligence (SETI), 

Furthermore, of the Sortie flights the information of selected payloads 
was not yet available, and Earth Viewing Application Laboratory (EVAL) was 
therefore chosen. 
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TABLE 6-2 


PAYLOAD 

Data 

Volume 
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tnlsslon 
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Ops 

Real 

Time 

Data 
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PROCESS RELATIVE WEIGHT MATRIX 
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TABLE 6-10 


PAYLOAD 


Data 

Volume 

(loT^btts/ 


GEOPAUSE 


GRAY. GRAD. 


HINILAGEOS 


GRAV. FIELD SAT. 


VECTOR MAGtl. SAT. 


I'AGH. FIELD MON S 


SEA SAT B 


GLOBAL EARTH & 
OCEAN MON. SYST, 



Pre- 
Mi ssi'Oi 

Real 

Time 

Ops 

Real 
Time 
Data 
Handl Ing 
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3 

21 
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TABLE 6-n 


Payloads 


5E0FAUSE 


GRAV. GRAD. SAT 


MINI LAGEOS 


6RAV. FIELD SAT 


VECTOR MA6N. SAT 


MAGN. FIELD MON. SAT. 


SEASAT 3 


GLOBAi EARTH AND OCEAN 
MON. SAT. 


PROFILE 


NORMALIZED PROFILE 


ANNUAL REQUIREMENTS PROFILES 
PREMISSION; EARTH AND OCEAN PHYSICS 
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Payloads 


GEOPAUSE 


GRAV. GRAD. SAT. 


MINI LAGEOS 


GRAV. FIELD SAT. 


VECTOR MAGN. SAT. 


MAGN. FIELD MON. SAT. 


table 6-12 

ANNUAL REQUIREMENTS PROFILES 
REAL TIME DATA HANDLING: EARTH AND OCEAN PHYSICS 


B1 82 


84 85 


87 88 

































































































































































. TABLE 6-14 

ANNOAL REQUIREMENTS PROFILES 
QUICK LOOK: EARTH AND OCEAN PHYSICS 














TABLE 6-15 

ANNUAL REQUIREMENTS PROFILES 
PREPROCESSING: EARTH AND OCEAN PHYSICS 

































































TABLE 6-16 

AHMUAL REQUIREMENTS PROFILES 
ANALYSIS: EARTH AND OCEAN PHYSICS 


l; Payloads 
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Anticipated Data Rate (10^^ Blts/Oay) 
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7. LUNAR EXPLORATION PROGRAM 






An active program Is continuing in an effort to analyze and to interpret 
the large amount of lunar data collected by the Ranger, Surveyor, Lunar Orbiter, 
and Apollo Missions. This effort is yielding an unprecedented expansion of new 
knowledge about the Moon and, in the process is raising many scientific questions 
and disagreements that can only be resolved by further investigations by lunar 
orbit and surface payloads. These missions would collect data similar to that 
from earlier missions as well as from new instrument types. Also, new geological 
provinras would be visited. Further, the payloads would supply the information 
needed for determining the locations, the technology requirements, and the sci- 
entific objectives for future manned lunar bases as well as the feasibility of 
exploiting lunar materials to support the bases. 

7.1 Payload Descriptions and Data Volumes 

During the period from 1979 to 1931 five types of payloads will be launched. 
These will include polar orbiters, high inclination orbiters, rovers, sanqjle re- 
turn probes, and halo satellites. In the sections to follow each of these pay- 
load types will be briefly described and data rates and volumes will be established. 
For all the orbiters an orbit period of 150 minutes and an altitude of 60 km will 
be assumed. 

Lunar Orbiter (High Inclination) 

The Lunar Orbiter consists of an Orbiter Bus of the Mariner type and a sub- 
satellite similar to the one used with Apollo. The subsatellite will be used to 
obtain particle and magnetic field data. The instruments carried on the orbiter 
bus and their functions are listed in Table 7-1. 



IPfffilSSl un*n*i^ 


■ -■ 




1 

I 

1 i 
! • 


■ i . 

! 

V - .- 

j 

1 1 , 

t 



- --'-^ 





t 


ft 


TABLE 7>1 



Instrument 

Function 

1. 

Metric Camera 

Photographic Happing 

2. 

Laser Altimeter 

Calibrate Photography and Detect 
Gravity Variations 

3. 

X-Ray Fluorescence Spectrometer 

Map Abundances of Na, Mg, A1 , etc 

4. 

Ganma Ray Spectrometer 

Map Abundances of K, IJ, and Th 

5. 

S-band Transponder 

Position Determination 

6. 

* 

IR Scanning Radiometer 

IR Mapping 
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1 




The metric camera produces the highest data rate and data volume of the 
orbiter instruments. If we assume the FOV = 40 km and the IFOV = 10 m, the bit 
rate for 10-bit words is 1.9E7 bits/sec, giving a volume of 8.3E11 bits/day. 

The IR Radiometer produces the second largest data rate. If we assume the 
FOV = 40 km and the IFOV = 500 m, the bit rate for 10-bit words is 2.3E5 
bits/sec or the volume is 9.9E9 bits/day. The other instruments produce sig- 
nificantly lower data rates and can be neglected in determining a worst case 
condition. Therefore, for the Lunar Orbiter the bit rate appears to be ap- 
proximately 2E7 bits/see and the volume 3.1E14 bits per year. 

Lunar Polar Orbiter 

The Lunar Polar Orbiter is composed of an Explorer type bus and spinner. 

The latter will be used for far side tracking and communicating with the orbiter 
bus. The instruments carried on the bus are listed in Table 7-2. 

The Gamma-Ray Spectrometer is the data driver for the Polar Orbiter. If 
the FOV = 0.114°, the data rate is 45 bits/sec giving a volume of 4E6 bits/day. 
The data rates of the other instruments are negligible compared to these two 
spectrometers. The payload data rate can be estimated as approximately 450 
bits/sec and the volume as 1.4E1G bits/year. 

Lunar Rover 


The Lunar Rover will travel up to 100 km/yr over the lunar surface to 
gather data for geophysics, geochemistry, and geology experiments. Its instru- 
ment complement is listed in Table 7-3. 

The data driver for the Rover is the TV. Assuming a 100 km travel per 
year, a look every 10 m, 4 color frames in stereo per look, and 1E9 bits per 
frame, the data volume is 12E11 bits per year. 
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TABLE 7-2 



Instrument 

Function 

1. 

X-Ray Spectrometer 

Same as for Lunar Orbiter 

2. 

Gamma-Ray Spectrometer 

Same as for Lunar Orbiter 

3. 

Magnetometer 

Determine Absolute Vector Magnetic 
Field 

4. 

Gravimeter 

Determine Fine Structure of Gravity 


Field 
TABLE 7-3 


Instrument Function 


1. 

Panoramic Color Stereo TV 

Geology Reconnaissance and Sample 
Examination 

2. 

Surface Sampler 

Acquire Samples 

3. 

Sample Processor 

Process Lunar Samples 

4. 

X-Ray Dyfractometer 

Determine Crystal Structure 

5. 

X-Ray Spectrometer 

Determine Composition of Surface 
Materials 

6. 

Petrographic Microscope 

Rock Classification 

7. 

Automated Ion Probe 

Age Dating and Elemental Abundance 
Oetermi nation 

8. 

Active Seismic System 

Lunar Stratigraphy 

9. 

Magnetometer 

Determine Vector Magnetic Field 

10. 

Gravimeter 

Data on Solid Body Tides and Gravitors 

11. 

Soil Mechanics 

Soil Bearing Strength, Adhesion, and 
Cohesion 
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TABU 7«4 PAYLOAD WEIGHT mRl% 70R LUNAR EXPLORATION PROGRAM 
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experiments as compared with the Polar Orbiter. The processing per bit is 
weighted below average as a whole. This results from much of the data being TV 
used for steering the Rover and observing details of the lunar surface. Neither 
of these functions require imich processing. The Sample Return Probe has the same 
weights as the Rover. 

Finally, the Halo Satellite has mostly zero weights since processing would 
only be required during Mission Planning and Pointing/LOS Guidance, 

Table 7-5 gives the Process Block Weight Matrix which is computed directly 
from Table 7-4. From tiis matrix we observe that Premission Planning requires 
the greater amount of computer support in the first two groups, which are weighted 
per payload. In the last four groups, where the weighting is per data bit, we 
see that the Analysis groups requires significantly more computer support than 
the other groups. 

Finally, Table 7-6 gives the Annual Requirements profile. The driver year 
is 1984. Plots of )^a1 time operations, premission, preprocessing and data 
volume are given in Figures 7.1 and 7.2. 


TABLE 7-5 PROCESS BLOCK WEIGHT MATRIX FOR LUNAR EXPLORATION PROGRAM 
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TABLE 7-6 ANNJAL REQUIREMENTS PROFILE FOR LUNAR EXPLORATIQrt PhouRAM (1E12 BITS/VEAR 
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FIGURE 7-1 - Real-Time Operations and 

Premission Annual Require- 
ments Profile 
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8. SUMMARY OF DRIVER PAYLOADS 

m 

The driver paylaods found In Sections 5, 6, and 7 are suniinarlzed 
below along with notable descriptors. Each payload or sortie flight 
Is related to the Technology Payload Model (TPM) derived In Reference 


Astronomy 

Modified version of typical sortie flight (’’Group III") de- 
fined in Reference 8 and in Fig. 5-7 = AST - 10 in TPM. Con- 
tains Deep Space Ultraviolit Survey Telescope (DUST) + numer- 
ous small, instruments. 

t representative of most astronomy experimentation 

• high data volume* high quantity of processing 

• representative of film and digital processing 

• onboard processing potential is high 

Deep Sky UV Survey Telescope (DUST)(AS-03-S) = AST - 10 In 
TPM. 

• leading data driver (high data volume on film) 

• spatial and spectral analysis 

• film processing 

• representative of all objective spectrum cameras 

Typical sortie flight ("Group III") defined in Fig. 5-7 = AST 
10. Contains Spacelab UV - Optical Telescope (SUOT) (AS-04-S } 
and small instruments. 


• same comments as first driver above with addition of large 
facility (SUOT) representation. 

• probably highest flight frequency. 
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a Large High Energy Observatory - B (magnetic spectrometer} 
(HE-09-A) « AST4 in TPM. 


a three operating simultaneously - ops driver 
a second highest data volume and processing requirements 


a Dedicated High Energy Astrophysics Sortie defined by Reference 
B (called "Payload A") * AST-11 in TPM. Contains following in- 
struments: . 


6SFC I.D. 

1973 Woods I.D. 

Description 

! 

G II. 

SX-3 

HIGH ENERGY SOURCES 


G III. 

SX-7 

BRAGG SPECTROMETER 

1 

X 

1 

G IV. 

SG 8 & 9 

HIGH ENERGY GAMMA 
RAYS 

G V. 

SG 5 & 8 

LOW ENERGY GAMMA 
RAYS & NUCLEAR LINES 

i . 
1 

G VII. 

SC 1 & 4 

TRANSITION RADIATION 
ELECTRON SPECTROMETER 

i: 

high data volume, diversity of 
requi rement 

processing* high processing 

1 


a representative facility 


a large onboard processing potential for data compression 
a Large X-Ray Telescope (HE-Ol-A) « AST-9 In TPM. 


' I 



I 

I 

a large general facility - spectral* spatial* temporal analy- 1 

sis I . I 

a representative of most X-Ray experimentation | | 

a diversity of processing requirements | i 

a present in two driver years (’86, *87) | | 







Lunar Arbiter (LU-Ol-A) = LUN-2 in TPM. Contains metric camer- 
as 30 band IR scanner, X-Ray detection for phosphorescence , 
laser altimeter, gamma-ray detection. 

• highest data volume - overshadows all other instruments of 
AS, HE. LU 

• contains imagery - maximal survey of lunar surface 

• long duration operation 






.! ■ OvlT' " ?■•■•' i 

1 ■■•to I ^ 

i ' . ■* 

lll»i>ti^:^---^ muLii 


9. REFERENCES 

1. J. C. Alvarez, E. M. Johnson. L. R. Weathers, D. A. James, R. D. 
Hiller, W. J. van de Lindt, R. H. Wolfe Jr., and R. E. Stokes, 
"Development of the Technology Payload Model," JSC IN 76-FM-36, 
May 27. 1976, 

2. H. G. Craft and R. Beranek, "Payload Descriptions," NASA MSFC, 
Payloads Study Office, October 1973 (Preliminary). 

3. L. B. Allen, "October 1973 Space Shuttle Traffic Model," NASA 
TMX-64751 , Revision' 2, January 1974. 

4. E. L. Davis Jr., "Proposed Goals and Concepts for STS Operations 
Flight Planning," JSC IN 76-FM-lO, March 15. 1976. 

5. W. E. Hurt, 0. A. James, R. H. Kidd, W. C. Rice, R,. S. Simpson, 

W. van de Lindt, R. H. Wolfe, "Ground Support Requirements for 
Selected Shuttle Payloads," IBM FSD Houston, Contract NAS9-14350, 
June 1976. 

6. R. Bradford, "Payload Descriptions," Levels A and B Data, NASA 
MSFC Payloads Studies Office, July 1974 (Preliminary). 

7. R. Beranek, "Payload Descriptions," Levels A and B Data, NASA 
MSFC Payloads Studies Office, July 1975 (Preliminary). 


8. "Interim Report of the Astronomy Spacelab Payloads Study," NASA 
6DSD Astronomy Spacelab Payloads Project, July 1975. 



Kimteiidi 




AKRO^JUTROtllG FORD DRIVER PAYLOAD STUDY 


Aeronutronic 


Infra Company 
July 28, 1976 


In reply refer to: 
2K272/109 


FROM: 


J. C. Alvarez and E. M. Johnson 


SUBJECT: Payload Ranking 


l.O Ir.troductloa 


The purpose 'of this ireEiorandum is to docusent the reeoinr.ended Candidate 
Data Drivers List and the methodology used to develop this list. 


1.1 Ps 7 load Pis c i o 1 Ine s 

Tlie payloads considered in this exercise are all of the line items in the 
Technology Payload Model (TPM) for the disciplines of Solar Phisics (SO), 
Life Sciences^ (IS), Planetary Exploration (PL), Space Technolagj' (ST), 
Space Processing (SP), and Atmospheric and Space Physics (AP). The TPM 
is documented in JSC IN 76-FM-36 "Development of the Technology Payload 
tedel", dated May 27, 1976. 

1.2 Payload Ranking Qbvective 

The large number of line items in the TPM precludes an exhaustive analysis 
In the development of the Data System Technology Limitation RTOP. The 
approach adopted is one of scope and depth reduction which yields a 
manageable work load consistent with RTOP resources. This is effected by 
means of the driver payloads/mission concept. To this end, a ranking 
scheme was implemented to provide a list of possible technology driver 
payloads from which several of the most significant will be chosen for a 
more detailed analysis. 
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1,3 Data Svstetn Related Payload Functions 

Ihe ranking was based on Che data handling Load Itnposed by the payload 
vlth regard to the' following data system related payload functions: 


a. Pointing and Control 

b. Calibration 

* 

Co Quality Assarance/Perforinance Evaluation 

■ 

d. Process Automation . • 

e. Growth Potential 
£. Mission Planning 

g. Data Analysis 

h. Data Formatting 

L. Coordination with Ancillary Data 
j. Turnaround Time 
k* Mission Usage Rates 

l. Data Conrcun lea cion and Distribution 

m. Training 

n. Sensor Development 

o. Operations 

2.0 Payload Ranking Scheme 

The payload ranking index must be a function not only of relative cost, 
but also of relative need. The objective of this RTOP is to define 
technology areas which are necessary or beneficial to the accomplishment 
of disciplinary goals for the Shuttle Payloads, That is to say, technology 
development for each of the data system related payload functions is 
justified to the degree of the need chat can be shown for this technology 
development. 
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A minimal exercise necessary to establish the cost of an advanced system 
(a system that has not been built nor prototyped yet) is composed of four 
steps: a) a paromccric analysis that establishes the system parameters 

that predominate and the functional interdependenee among these parameters; 
b) an operational analysis that establishes activity profiles » data pipeline 
rates and volumes, and also establishes functional requirements to a level 
suitable to permit the third step; c) a con f 1 cur a t ion' a na ly s i $ which defines 
candidate system blocks, and finally, d) a costlne: exercise vhlch yields an 
estimate of resources required to implement the syscera under study, 

2. 1 the Ordered ?alr Nureric and its Product 

Establishment of rank requires a metric, and to this end an ordered pair 
numeric is defined useful in identifying candidate data system/mission 
drivers for the Data System Technology Limitation Study, 

The ordered pair elements will be integers with values from 1 to 5. The 
first element will indicate how necessary a system related payload function 
Is to the accomplishment of mission objectives as follows: 

1 * Mission goals are not Impacted significantly by this function. 

2* This function provides some increase in the value of data returns, 

3, Some mission goals depend on. this function* 

4 . Very few mission goals can be accomplished without this function* 

5* This mission cannot be accomplished without this function* 

The second element in the ordered pair will Indicate bow difficult it will 
be to provide this function for this payload as follows: 

1« This Is current state-of-the-art* 

2* This is a rcasonalle extension of current state-of-the-art. 






3* Moderate R&D is required before this function can be satisfied. 

4. Providing this function represents either a large expense or a 
long lead tine. 

5. A technological break>through is required to satisfy this 
function requirement. 

The simplest way to arrive at a metric that is a function of both 

relative need and relative cost is to multiply the two elaments-of 

» * 

this ordered pair ty each other. 



2.2 Th^ Ranking . Index 

The ranking assessments are presented in Tables 1 through 64. Each table 
shews the assessment for a single line item in the TPM for the six 


disciplines listed in Section 1.1. For each data system related payload 

function, a need index and a cost index is assigned. The product of these | 

■ f 3 

n 

two numbers is called the product index. The sum of products for a payload | 

• ' 5! 

is called the overall payload ranking index and this has been used to order | 

the payloads in order of decreasing rank. Table 1 presents the ranking 
assessment for (ST) 1009, ’*Solar Power Prototype Development**, the highest 


ranking payload, and Table 64 presents the assessment for SP-21-5, **Spaee : 

Processing Appllcacion No. 21 - Minimum Biological Module", the lowest ranking | 


payload. 

2.3 Index load Profile 

To arrive at an assessment of the function support lead required as a function 
of time, the overall ranking index was multiplied by the number of that kind 
of payload that would have to be supported for each year. This is shown in 
Table 65, "Product Index Yea.rly Loading Profile". 












Tabic 1 


RAKKIUG ASSESSMENT 


Discipline: Space Technology ! 

Payload Code: (sx) 1009 

Payload Title; Solar Power Prototype Developm|ent 


n 


Data Systea Related 
Payload Tuneticn 


Pointing & 

Control 

Calibration 

Quality Assur- 
ance/Per for a- 
anee Evaluation 

Process Autoaa- 
tipn 

Growth Potential 

;iisslon Planning 

Data AnalysiSN 

Data Fornat ting 

Coordination with 
Ancillary Data 

Migsicr. Usagg Rg. 

Data CoEicunica t ion 
r,nd Distribution 


raining 


Censor Dev c loon en t 


Cost Index 


^joduet Index 


pern tions 



OVERALL PAYLOAD KAKKING INDEX 













































































Table 3 


RANKING ASSESSMENT 


Discipline: Space Technology 

Payload Code: (ST) 1008 

Payload Title: Solar Power Space Test Activity 


Need Index 


Product Index 


a. Pointing & 
Control ■ 


Calibration 


c. Quality Assut- 
ancc/Per f ora- 
anee Evaluation 


d« ' Process Autoc 


£, Mission Planning 



a Anaivsis 




. Data Formattin 


i. Coordination vlth 
Ancillary Data 


, Turnaround Tise 


k. !!isslon Usa ge Rates 

l, Data Cooeunieatian 
and Ptstributign 


m. Training 
n« Sensor Deve?^gggent 
o, i perations 
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Table 4 

RAKKINC ASSESSMENT 


Discipline: Solar Physics 

Payload Code: SO-Ol-S 

Payload Title: Dedicated Solar Sortie Mission (DSSM) 


Data Systes: Relat 
Pavload Function 


. Pointing & 
Control 


Need Index I Cost Index I Product Ind' 


c. ‘.Quality Assur** 
.mce/Per f orn- 
ance Evaluation 


d. Process Autooa** 
tlon 


rowth Potential 


f. Mission Plannine 


Data Analysis 


Data Forciattinc 


1. Coordlnacior wit! 


1. Data Comaunication 
and Distribution 


n. '’ralnine 


ensor Development 


, . Derations 
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Table 5 


RANKING ASSES SME 




Disciplines Space Technology 
Payload Code: (ST) 1013 

Payload Tide. Power ^lelay Prototype Devel 


opcent 


I 


Systen Related 
load Funetion , 


Need Index 


Cost Index 


Rrcdue t Index 


a. Pointing & 

Control ‘ 

e Calibraticn 

c* Quality Assur- 
ance/Perf orn- 
ance Evaluation 

da Process Autosia- 
tlpn 

e, Grovth Potential 


|-^ssion Planninz 


Data Analysis 

, Data Foraatting 

1. Coordination with 
Ancillary Data 

. Turnaround Tise. 


Mission Vsage Rates 

Data Coanunicatlon 
and Distribution 

Training 


n. ‘ *cn.s-0r Dcveloogent 
• peratipns 
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Table 7 


RANKING ASSESSMENT 


Discipline! Space Processing 
Payload Code: (SP) 1032 

Payload Title: Commercial Processing Space Station 


a. Pointing & 
■Control 


Calibration 


c. Quality Assur- 
ance/Per fora— 
ance Evaluation 


d. Process Automa- 
tion 




Growth Po 


Ission Planning 


Data Analvsis 


Data Formatting 


1. Coordlnatlop with 
Aneillarv Data 


. Turnaround Time 


lission Usa 


. Data Communication 
nd Dis tr ibu t ion 


ra Inin 


ensor Develooment 
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Need Index 


Cost Index 


Product Index 
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Table 9 

rankij^g assessment 


DlsGlpliae: 
Payload Cede: 
Payloa'd Title 


Space Processing 
(SP) 1034 

: "Long Tera" Biological Materials 



Research 


! 

I 

i 



Data 

Pay 

Systea Related 
load Funotion 

Need Index 

Cost Index 

product Index 

a. 

f 

Pointing & 
Control . 

5 

3 

15 

b. 

Calibra t ion 

5 

2 

IQ 

c« 

Quality Assur- 
ance/Per f orn- 
anee Evaluation 

5 

3 

15 

d. . 

Process Autona- 
tion 

3 

2 

6 

e. 

Growth PrDtential 

4 

2 

8 

f . 

Mission Planning 

5 

2 

10 

g* 

Data Analysis 

5 

4 

30 

h. 

Data Fcrr.atting 1 

3 

' 

2 

1 

6 

i. 

Coordination with 
Ancillary Data 

5 

2 

10 

, J. 

Turnaround Tiae 

4 

2 

8 

k, 

!!ission Usage Rates 

3 

1 

3 

1. 

Data Cocaunicatlen 
;.:pd Distribucipn 

3 

2 

6 


Training 

5 

1 

5 

n* 

Sensor Developcien t 

A 

3 

13 

Q . 

< perations 

5 

3 
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Table 10 
% 

KAKKIKG ASSES SMEXT 


Discipline: Space Processing 

Payload Code; (SP) 1031 

Payload Title; «Long Terra" Low-g Material Science Research 

Space Station 


Need Index 


Product Incex 


{ 

b. Calibration 1 

1 

1 5 

1 

G, Quality Assur- 
aace/Perf otE- 
ancc Evaluation 

[ “ 

1 

1 

i 

5 

d., I'roeess Autooa- 

tion 1 

3 


Growth P-ot 


ission Planning 


a Data Analysis 


F 


!• Coordlnaticr with 
Ancillarv Data 


* Turnaround Tise 


Data Co 
;ind Dls 


ralnin 


ensor Devs loosicn t 


* iperatlGne 
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Table 11 

RAKKIKG ilSSESSMEl 


Discipline: Space Processing 

Payload Code: (sp) 1029 

Payload Titles "Long Tern" Physical 

Station 


Data Systea Related 
Payload Fung t ion . 

a. Pointing & 

Control 

b. Callbratign 

c. Quality Assur" 
Tnce/Perf orn- 
ance Evaluation 

d. . Process Autona- 

tlgn 

a. Growth Potential 

f. Mission Planning 

g. pat a Analysis 


Need 


h. Data Formatting 

1, Coordination vith 
Ancillary Data 

j, Turnaroynd Tiae 


!tlgsisr> Usage Raggs 
1. Data CcDiaunication 


5 

5 


5 


3 


4 

5 
5 
3 


§ 

4 

3 


Index 


.-.nd Distribution 
a, Training 
n» gen 5 or pevelegaent 
, » perattons 


2 

2 

2 
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Table 13, 

RAKKIKG ASSESSMENT 


Discipline; space Technology 
Payload Code; (sx) 1113 

Payload Title; Space Station - 12 Persons, Earth Orbit 






Data 

Pay 

Systes Pwelated 
load Function 

Need Index 

Cost Index 

.Product Index 

A • 

Pointing & 
Control 

■5 

4 

20 

b. 

Calibration 

2 

i 

3 

Ca 

Quality Assur- 
ance/Perf Om- 
an ce Evaluation 

5 

3 


d. 

Process Autona- 
tion 

3 

2 

' 

g 

§e 

Growth Potential 

4 

3 

12 

f. 

Mission Planning 

5 


15 

8. 

Data Analysis j 

3 

2 

6 

b, 

Data ForEattin'c 1 

3 

2 

6 

1. 

Coordination with i 

Ancillary Data 

3 

2 

6 


Turnaround Tise 

3 ' 

2 

6 

k. 

Uission Usage Rates 

3 

1 

3 

1. 

Data Cooaunlcation 
and Distribution 

4 

2 

8 

nia 

Training 

S 

2 

ID 

n. 

Censor Develcpsont 

4 

3 

12 

o* 

. peratlons 

4 

3 

12 
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G ASSESSMENT 

nd Space Physics 


c, Magnetospher ic and Plasoas in Space 




RANKING , 


Discipline: Planetary 

Payload Code: PL-11 


PL-11 Venus R 
PL-13 Mercury 
PL-19 Mariner 
PL- 20 Pioneer 
PL-21 Mariner 
(PL) 1090 Mar 
CPL) 1097 Hep 


Need Index 


Cost Index 


P r o d u s 


c. Quality __As sur- 
ance/Perfotn- 


ance Evalaation 
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Process Automa- 
tion 


Growth Potential 


Mission Planning 


Data Analysis 


i. Coordination with 
Ancillary Data 


rurnaround Tine 


lata Cocjounication 
and Qistributicn 
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Code: (LS) X040 

Title: Disease Processes Research 



stea Related 
j Fungtion 

t 

citing & 
trpl 

Calibration 


Need Index 


Cost Index 


Ifxoduct Index 
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Growth Eetential 

!Iission Planning 

Dat a Analysis 
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T urnaround Tiaa 
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Distribution 

ra ining 
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Table 19 

RANKING ASSESSMENT 
ae: Space Technology 

* 

Code; (ST) ATL-3 

ritle: Advanced Technology Laboratory 


Data Systea Related 
Payload Function 

a* Pointing & 
Control • 


Need Index 


Cost Index 


Product Index 


c. Quality Assur- 
ance/Per f orr:- 
anee Evaluation 


rocess Autoaa 


Grovrth Potent ia 




tiss io; 

1 Pl.innin 


^ * 

Da ta 

Anal vs is 

le 

Data 

Forr.a t tine 


i. Coordination with 
Ancillary Data 


Turnaroii 


.. M.ission Uscrc 


.. Data Consunication 
r.nd Distribution 


♦ Training 


n* Sensor PcveloDCsen t 


♦ 4 pcracions 
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Table 20 . 


RANKING ASSESSMENT 


Discipline: Space Technology 

Payload Code; (ST) ATL-1. 

Payload Tide: Advanced Technology Laboratory 


Data Syscea Related 
Payload Function 


Need Index 


Cost Index I Product In 



olnting & 


Calibration 


c* Quality Assur- 
rnce/Per f ora- 
ance Evaluation 


d, • Process Autcsa- 
c ion 


Growth ?^t 


. Mission Planning 


Data Analvsi 


Data Fprsiattlng 


i. Coordination with 
Ancillary Data 


. Turnaround Tise 



n, 7ralnina 


ensor Dave lootiei t 


Derations 
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face Sample Return 

ellite Sac:ple Return 

cury Surface Sample Return 

us Surface Sample Jleturn 

5 Landcr/Royer 

eroid Surface Sample Return 

Qt Surface Sample Return 


Lanetary Surface Sample Return 


Data System Related 
Pavload Function 


Need Index 1 Cost Index 


Pointing h 
Control 


Quality -Assur- 
ance/Perform" 
ance Evaluation 


Process Automa- 
tion 


Growth Potential 


Mission Planning 



>a t a Comnunica t Icn 
and Dts tr ibu t Ion 


Trainin 


lanspr Deve lopnt nt 
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Table 22 

RAKKINC ASSESSMENT 


Discipline: Life Sciences 

Fayload Code: LS-02-A 

Payload Tide; Biomedical Experiments Scientific Satellite (BESS) 


Data System Related 
Pavload Euneclon 


a. Pointing & 
' ' 3 n t r o 1 


Need Index 


Cost Index 


Pro a net In 



1. Coordination with 
Ancillarv Data 


ur naronnd 


iss 


1. Data Comcunlcation 
.,nd Plstributipn 


B. 'ralnine 


, ;-cnsor Deve loomen t 
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Table 24 

RANKING ASSESS^SENT 

Discipline: 

Life Sciences 

Payload Code: 

LS-13-S 

Payload Title 

: Life Sciences US/ESRO Spaceiab 


Data Systca Related 
Pav’oad Function 


Cost Index 


PXoduGt Index 


Calibration 


Quality Assur- 
*ince/P cr t orn- 
rnec Evaluation 


Process Autocia- 
t i on 


r r o w t h ? o t e 


ission Plann’un 


s« 

Data 

Ana ly sis 

1. 

Data 

Foma c t inc 


i. Go ordination with 
Ancillarv Data 


Turnaround Ti 
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1, Data Conmunica t ion 
and Distribution 


c* Training 


n. ^lenspr pevolopncnt 


o * ^ pcrationg 
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RANKING ASSESSMENT 


: 4f" mxXJ-3. 


. » W 3,. r i 
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Dlsclpliae: Planetary 

Payload Code; 


PL-15 Mariner Jup i ter/ Uranus Flyby. 

PL-16 Pioneer Jup i ter/Uranus Flyby 
PL-17 Pioneer Saturn Probe 

PL-18 Pioneer Saturn/Uranus Flyby (Uranus Probe) 

PL-22 Mariner Uranus/Neptune Flyby 

PL-31A Jupiter Swingby, Out-of -Ecliptic 

(PL) 1G67 InterpZ anetary Near Sun Probe 

(PL) 1068 Solar Systeo Escape Spacecraft 

(PL) 1071 Observatory in Solar Polar Orbit 


Payload Title: Glass III, Planetary Flyby with an Ataospheric Probe 
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Data Systea Related 
Pavload Function 

}«eed Index 

Cost Index 

Product Inde:^ : 

1. 

a. Pointing & 
• Control 

4 

2 

8 

b. Calibration 

5 

2 

10 

c. Quality Assur- . 
anee/Perf ora- 
ance Evaluation 


1 

i 

3 

d. Process Autocia- 
t Ion 

4 

2 

8 

e. Growth Potential 

X 

1 

• J 

f. Mission Planning 

4 

1 

4 

e. Data Analysis 1 A 

2 

8 

h. Data Forsattlne 

■ 

4 

2 

1 

3 t 

1, Coordination with 
Ancillary Data 

m 

4 

! 

1 

4 

^ 

Turnaround Tiae 

■ 

3 

1 

3 

k. Mission Usage Rates 

4 

1 

4 

1. )ata Comaualeatlon 
and Distribution 

5 

4 

20 

m. Training 

4 

1 

4 

n, Icnsor Developaent 

4 

I 

4 

0 , Operations 

4 

. 1 

4 1 






Table 26 

RANKING ASSESSMENT 

Discipline; Life Sciences 
Payload Code: LS-Q4-S 

Payload Title: Free Flyer Teleoperator 




Data Systea Related 
Pavload Function 


Pointing & 
Control ■ 


2a libra cion 
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mce/Perf oca- 
ance Evaluation 


d, ' Process Autoaa- 
cion 



Need Index 

Cost Index 

5 
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Coordination with 
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. Turnaround Tine 
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Table 27 


RAKKIKG ASSESSMEUT 


Discipline: Space Technology 

Payload Code: (ST) 1015 

Payload Tide: Hazard Waste System Operations 


Data System Related 
Payload Function 


a. Pointing & 
Control 


allbracion 


c. 'Quality Assur~ 
ance/Perf ora- 
ance Evaluation 


d. Process Autona- 
tion 


Growth Potent 


Mission Planning 


Data Analvsis 
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Ancillary Data 
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Cost Index I Product Index 



Data Conaunica tion 
..nd Distribution 


'■.‘raining 


ensor Peveiopaen 


•• perattons 



OVERALL PAYLOAD RAMKIMG INDEX 5 

lrruiBse!ic?SE£)3sni:' 










































































i 




.>4~>«bik.^''ii> \"S~rt -> li :.^'^ U!>:^'i«r'lJ||i)'- 43INi3^^Ja'»*‘'''>^-'»i 4Ji>M'ei-« 


Table 2.9 


RANKING ASSESSMENT 


Discipline: Space Technology 
Payload Code: (ST) ATL-2 

Title; Advanced Technology Laboratory 


Data Syscen Relaced 
Payload Function 

a. Pointing & 

Control • 

b. Calibration 

c* Quality Assur- 
ance/Per fora- 
anee Evaluatlor i 

d . Process Autoae- 
tion 

■ * • 

e. * C-revth Potentia) 

f Mission Planning 

g. Data Ant lysis 

h» Data Formatting 

i. Coordination vich 

Ancillary Data 

j . Turnaround Tine 

k, ?!issipn L'sacs P»2t3S 

l. Data Gomaunisation 
and Distribution 

g, raining 

n. Censor Develooaent 


Need Index I Cost Index j Product Index 
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RAturCI'iC ASSESSMENT 


r> Discipline* Planetary 

Payload Code 


PL-24 Dual Comet Flyby 

PL-25 Eaekc Flyby 

PL-26 Eneke Rendezvous 

PL— 27 Kalley Flyby 

PL- 2 8 Asteroid Rendezvous 



f 





Payload Title: Class V* Cone Cary Flyby or Rendezvous Missions 


Data System ?,.elated 
Pa V load Function 

Need Index 1 

Cose Index ' 

i 

Product Index | 

a* PoinCing 6 
* Control 

• 

4 ■ 1 

2 

8 1 

b. Calibration 

4 

2 

8 ■ 1 

c. Quality Asauc- 
ance/Perf ora- 
anca Evaluation 

4 

1 

1 

) 

4 

d. Process Autona- 
tion 

4 

2 

8 ! 

^ i 

e. Growth Potential 

1 

I 

1 

f, >Hssion Planning 

4 

2 

, ! 

g. Data Analysis 

4 

2 

1 

S ' 

h. Data Formatting ! 

! 4 1 

2 

i 

8 t 

1, Coordination with 
Ancillary Data 

. 4 

1 

4 

j, rurnarpund Time ! 

3 

1 

1 ! 

3 

K# Mission Usace Rates ! 

4 

1 ! 

4 i 

1. lata Connuniea t ion j 

and Distribution 

5 

3 

.15 

a. Training 1 

4 

1 

4 

n, ‘Sensor Developmint i 

4 
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0 ^ Operations 
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RAKKIJJC A'',SESSMk;N’T 


Discipline; Planetary 

Payload Code: PL-6 Viking Orbiter/Lander 

PL-12 Venus Buoyant Station 
PL-23 Jupiter Satellite Orbiter/Lander 
PL — 28A Mars Penetroiacter 
(PL) 1083 Titan Orbiter rt/Penetroaeter 
(PL) 1092 Titan Lander 


payload Title: Glass 'I. Planetary Orbiter and Surface Probe 

Mission 



ata Systan Pvelated Meed Index 

Pavload Function 


a. Pointing & 
Control 


. Calibration 


c. Quality Assur- 
ance/Petf ora- 
anee Evaluation 


d. Process Autoaa- 
tion 


Growth Potential 


, Mission Planning 


, Data Analvsis 


, Data Foraatting 


1* Coordination with 
Ancillarv Data 


J, Turnaround Tirae 


Mission Usage Rates 


1. )ata Cocmun lea t ion 
and Distribution 


Training 
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Table 35 


RANKING ASSESSMENT 


Dlsclpllac: Space Froeessing 

Payload Code? (SP) Silicon Ribbon 

Payload Tide; Free Flyer - Autoaated Silicon Ribbon Manufacturing 

Facility 


Data Systen Related 


Need 


a 


b 


c 


d 


e 


f 


3 . 

h 


i 


Payload Function 

, Pointing & 
Control . 

, Calibration 

. Quality Assur- 
ance/Per Eorn- 
anee Evaluation 

. • Process Autoaa- 
cion 

. Crovch PdCantial 

. y.ission Planning 


5 


S 


5 


5 


. Data Analysis 
. Data FcrsavCtine 


. Coordinatlor with 


2 


1 


U 

1 . 


Ancillary Data 
Turnaround Ti”e 


!!issicn Usa^e R. 


aces 


3 

2 


3 


Data Cossunicat ion 


m. 


n . 


o . 


and Distribution 


Training 

Sensor DeveloDner.t 


pera t ions 


2 

4 

3 

3 


Index 


Cost Index 


1 


i 


1 


3 


2 


1* 


1 

1 


1 

i 

1 


I 

1 

1 

I 


Product Index 

a 
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5 


15 
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Table 36 


RAKKING ASSESSMENT 


Disciplines Space Teehnologjr 
Pajrload Code: (ST) 1014 

Payload Title: Hazard Waste System Developaent 


Data System Related 
Payload Function 


Need Index 


Cost Index 



a. Pointing & 
'C ontrol 

a 1 ibra tion 

c» Quality Assuc- 
ince/Per f orm- 
».nca Evaluation 

d. Process Automa- 
tion 


rowth t*otential 
ission Plannina 


8 , 3 a ta Analysis 

Data Formatting 
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Table 37 

RAKKIKC ASSESSMENT 


Discipline: Atmospheric and Space Physics 

*• 

Payload Code: aP-08-A 

Payloa'd Title; Heliocentric aad Interstellar Spacecraft 
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1 

5 1 
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3 

1 

3 

d. 
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2 

2 
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4 

i. 
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3 

1 
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3 
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1. 
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3 
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Table 40 


RANKING ASSESSMENT 


ISC ip line : 


Life Sciences 


.yload 


Code: 


LS-14-S 


yload Title; Animal Waste Carry-On 
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h. 
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Table 41 


RA!a:iSG ASSESSMENT 


Discipline; Ataospheric and Space Physics 
Payload Code: (AP) 1064 

Payload Tide* E0T\0S Effect Expeziaent — Spacelab ExperlaenC 


1 



[ 


i 

i 


Data 
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Systea Related 
load Function 

Need Index 
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Product Index 
■ 

fe 
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Pointing & 
Joattol 

5 
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b. 
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e. 
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1 

1 

4 
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3 

1 
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3 

1 

3 
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4 

1 

4 ! 

g« 
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1 
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b. 
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^ i 

1 

i. 
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1 

1 

i 
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1 

3 i 

k* 
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1. 
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3 
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1 
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1 
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Table A3 

rai;king assessment 


Dlsclplln^i Atiaospherie and Space Physics 
Payload Code: AP-G5-A 

Payload Tide; Env ironnencal Percurbacion Satelli::a-A 


Data Systen R 
Payload Func 
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Table 44 


RASKISG ASSESSMENT 

Discipline: Acnospheric and Space Physics 

Payload Code: AP-'d’3-*A 

Payload Title: High Altitude Explorer 


ORIGINAL PAGE la 
OF POOR QUALITY 


Data Systea Related 
a V load Function 
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Ii’eed Index I Cost Index 
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Table 46 


RANKING 

ASSESSMENT 

* 

Discipline: Atmosphciric and 

Space Physics 

Payload Code: 

AI^04-A, B1 


Payload Title: 

Gravity and 

Relativity Satellite 


Data Systea Related 
Payload FunG-tion 
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Table A7 

RAKKIKG ASSESSMENT 


Discipline: Attnospherlc end Spece Physics 

Payload Code; AP-06-A 

Payload Title: Gravity and Relativity Satellite 


Pointing & 
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Table 48 


RANKING ASSESSMENT 


Discipline: Atmospheric and Space Physics 

Payload Code: (A?) 1063 

Payload Title: Gravity Wave Detector Free Flyer 


Daca Syscaa Related 
Payload F u n c c i o ri 

Meed Index 

Cost Index 

P.roduc t Index | 
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Table 50 


RAKKXb'G ASSESSMENT 


Discipline: Space Processing 

Payload Code; SP-05-S 

Payload Title: Space Processing Application No. 5, Module/Pallet 

Low— g Processing o£ Biological and Technical Materia 


j Data Systea Related 
1 Payload Funetion 


Need Index 1 Cost Index I gjoduct Index 
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Table 51 


1 ^ 


RAKKILG ASSESSMENT 


1 

1 

Discipline: 

Space Processing 


p 

1 

f: 

Payload Code: 

SP-13-S 


i 

Payload Tide: 

Space Processing Application N'o. 13 
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Table 52 • 



RAKKIKG ASSESS.XE'JT 

Discipline: 

Space Processing 

Payload 
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SP-12-S 
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Table TO 

RAKKI.N'G ASSESSMENT 


original paui , 

OP POOR QU^jy^ 


Discipline: Space Processing 

Payload Code: SP-I9-S 

Payload Title: Space Processing Application No* 19, Biological and 

Automated Module /Pallet 


Data Systea Related 
Paylpad Function 
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Table 56 


rankikg assessment 


Discipline: Space Ftocessl 

Payload Code: SP-02-S 


ng PREX^EDING PAGE BLANK NOT FOittEO 


Payload Tide: Space Processing Application No. 2» Furnance 

Module/Pallec 


Data Systes Related 
Pavload Function 
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Table 58 



RANKING ASSESSMENT 

Discipline: 

Space Processing 

Payload 

Code; 

SP-Ol-S 

Payload 

Title 

; Space Processing Application Mo. 1, Biological 
Module/Pallet 
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Table 60 



RANKIIIG ASSESSMENT 

Discipline: 

Space Processing 

Payload 

Cede : 

SP-04-3 

Payl oad 

Title 

: Space Processing Application No. 4, General 

Purpose Module/Pallet 






































Table &0 

RAKKISG ASS£SSME!!T 

Discipline: Space Processing 

Payload Code: SP-OA-S 

Payload Title; Space Processing Application No. 4, General 

Purpose Module/Pallet 
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Disc ip line 


Payload Code: SP-22-S 


Payload Title: Space Processing Application No. ^[2| Minimu!!! 

Furnance, Low-g Processing of Morale 


Cost Index 
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3.0 Data Prlvt^r Analysis 


Tlie choice of data driver candidates involved consideration of four distinct 


he position of the candidate in the overall payload ranking 


as shown on Table 66 


Payload Ranking for SO, U, PL, ST, SP, and AP** 


b) the rank of the candidate payload in each of the data systems related 
payload functions as discussed in Section 3.1; c) the time profiles that 


characterize the set of candidates in ter?\s of how well this data handling 


loading is representative for the implied TPM loading, and d) the magnitude 


of tne associated data rates and pipeline data volumes characterlst ic of the 


payload candidate 


3.1 Ranking bv Data Svsten Related Function 


For each of the 15 data system related function 


the associated product 


index for each payload permits ranking of payloads within each function 


Tills in effect ranks payloads in o 


of the sever Icy of the requirement 


for that function. These rankings are presented in tables 67 through 81 


The sutn of product indices for each function, in turn, provides a means cf 


ranking the functions themselves. Tliia ordering is an Indicator of the 


priorities that need to be obser\'ed in developing these technology areas 


this is shown in Table 82, ‘‘Functions Ordered by Product Index Suns** 


3,2 The Candidate Data Drivers 


Frcra the ordered set of payloads shown in Table o6, the highest 21 were 


selected for closer scrutiny. One of several analyses performed is shown 


In Table S3, “Product Index Leaders by Function' 


Here the top ranking 21 


payloads are shown with X*s indicating functions for which this payload 







OF I’OOK QU.VLITY 





V. CALniATIOW 


/(*/ 






(i') i 03 n 

{SO /cj'Y r 
(sT) /o/t r 

^5 O fiO i1 







TA5CB - 70 

tKKtii AUrjtlATIOH 

















J o A 0 / rs 7> 
f S o 

1 TO/ vCli) 


^n)C44i»TI 
a y /^/5 



t O /o V O 



(so/ci ? 
i/ 

(^r)/ot. y 







HMSXO:« USACe Mil 










ta&le - 79 


T'^foo 3 r 
O 

50-pi- 






A s 

Si O $ 
hi 9 i (l^') 

'• A O • ^ 7 



T/^dLE - so 

%. tCNSOR OcVzLOrhKMX 


(fij^ / tn 
fir; /o 2^ 
Of”; /i> 3 / 
(5 rj / • > / 
(:>i )it i 2 - 





•• OPKfUTZOMS 










P/^OOU^T 


: (^T) I ^ 

fo / 2. 

'7-(5 9) 

f (57^ ///4 
, ?sp; /oif 
;,(srj /oi/ 

ft C^e) 
i^.cso) 

„• tsc) M /3 

itiir) /'/^ 
/^- ( 2 .S) /»^^ 

ft (/)/; 

/; (/’<-; C- 3 T 

,l (/?>/<’''■’ 

(sr; 

K\ iST) An- 1 

2. (?/-) “i-J 










obwalned the highest product index, as cor'.pared to other payloads. For 

soce functions (such as Pointing and Control, Mission Planning, etc.) 

several payloads had the same high product index value. In this case, all 

such payloads are identified here as "leaders'*. In other cases, such as for 

calibration, a single leader is identified because this payload had a 

product index that was higher than any other payload. The criteria of 

lead rank in at least one of the functions was applied to the candidate 

list. On this basis, (ST) 1012, (ST) ATL-3, and (ST) ATL-1 were 

eliminated from the list. The technological development for (ST) 1013 was 

seen to be fulfilled if the support requirements for (ST) 1009 were met 

and so (ST) 1013 was eliminated. Three payloads, (SP) 1034, (SP) 1031 and 

(SP) 1029 were observed to behave identically under all analyses performed 

* > 

and so (SP) 1031 and (S?) 1029 were eliminated and (SP) 1034 was allowed 
to remain oi>- the list as representative for all three. The 12th ranking 
payload, (SO) 1076 is a 50 Kg carry-on experiment and this was deemed an 
unlikely driver candidate due to the low priority this category of 
payloads merits in terms of technologydevelT^pmenr. TherefoTe~(S0) tt776 
was removed from the list. Three space station entries, (ST) 1114, (ST) 

1113 and (ST) 1112 were deemed redundant and therefore (ST) 1114 was allowed 
to remain as represented for (ST) 1112 and (ST) 1113 which were eliminated. 
The 15th ranking payload, (LS) 1036, is characterized by very low data rates 
and data volumes, scored relatively low for most of the functions and 
represented a weak "leader** at best in a single function **coordinat ion with . 
Ancillary Data**. For this reason, (LS) 1036 was also eliminated. The 18th 
ranking payload (LS)1040, is very similar. to (LS) 1036 in some respects, 

however It was allowed to remain on the list as representative of the Life 

$ 

Sciences payload and because so very little is known about this payload that 
it seemed judicious not to eliminate it prematurely. 
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The payloads that en'erged as potential driver payloads are shown in 
Table S4, **Drlver Candidate List**. 

I 

These payloads were then axanined in tenrs of the tir:e profiles given by 
Table 65, ’’Product Index Yearly Loading Profile**. It was observed that 
the set of candidate drivers constituted a significant fraction of the yearly 
product index leading for the latter half of the 1980* s decade and it was 
concluded that the candidate set was representative in tenss of payload 
support requirecents over this period. It was also observed that die 
candidate set included SO-02*A, SO-Ol-S and (A?) AMPS which are the 
payloads with the heaviest data rates and data vcluires identified thus far 
for the disciplines covered. 

% 

3.3 Driver Candidate List 

The product "index leader status for each of these driver candidates 
corresponds generally to those charac ter is tics that contribute to their 
high ranking, 

1. TPM Number: (ST) 1009 

Solar Power Prototype Development 

Tills prototype activity includes the launch assembly and initial operation 
In geosynchronous orbit of a solar power station intended to provide a final 
and relaistic evaluation of the feasibility and economic viability of 
providing solar power via satellites. 

Lead rank for Pointing and Control was due to the need to mail tain control 
of the radiating array alignment to within a few centimeters over a 1 kilo- 
meter distance as well as the need to control RF beam pointing to within several 
.hundred meters on the ground from geosynchronous altitudes. Calibration 
function lead is attributed tv precise input sensor calibration for automated i 

shape control of very large structures. 

9 2 
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Quality Assurance/Perforniance Evaluation lead resulted from QA 
requirements for the inanufac ture *and maintenance of a 10 G watt power 


station. 


I 


pi. 




Mission planning lead came from the need to support very large work 

% 

forces in space logistics, and support and design very large space 
structures. The same requirements led to a lead in Operations. 


k 

t 


2. TPM Number: S0-02-A 

Large Solar Observatories 

This facility will be installed in 1985 and will be revisited yearly 
thereafter. The experiment complement is as follows: 


i 

s 

\ 



SO-OOl 
SO-002 
• SO-003 
SO-004 

sb-obT 

SO-020 
SO-007 
so- 008 
SO-Oll 
SO-012 
SO-013 
SO-014 
SO-015 

* « 

SO-016 

SO-017 

SO-018 


EXPERI>ai:NTS LIST : ^ [ 

Externally Occulted Coronograph Film and TV Image : 

• ^ 

100 cm (150 cm) Photoheliograph • . . i 

Ultraviolet Spectrograph ^ 

EUV Spectrohellometer 

Extreme Ultraviolet (XUV) Spectrohcl iograph ; 

Soft X-Ray Telescope/Spectrograph ' ! 

Soft X-Ray Spectrometer/Spectrograph ' i 

Grid Collimator Acquisition Photometer 
• Solid State Flare Detector ^ I 

X-Ray Burst Detector 
X-Ray/Gamma Ray Spectrometer 

Gamma Ray Spectrometer H 

\ I 

Solar X-Ray Polnriraeter i 

Bragg Reflection Crystal Polarimcter ! 

^ ! 

Solar Neutron Experiment 

High Energy Gamma Ray and Neutron Detector ^ 
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Lead position for the Data Analysis function was due to high bit rates, 
large daily data volan^es and substantial linage processing characteristic 
for this payload. Data Fortrat lead resulted from the fact that the data 
acquisition process for seme experiments does not produce the final data 
block arrangement needed for data analysis. The Coordination with Ancillary 
Data lead comes from the fact that correlation of multi-band imagery is basic to 
understanding solar phenon:enology . Turnaround Time lead is associated with 
the fact that the distribution of life cycle times for solar pheunomena is 
such that significant increased in observational opportunities result for 
shortened turn-around times. Characteristic high bit rates for some of the 
constituent experiments and high duty cycles yield a lead in Mission Usage 
Rate. The large instrument complement and high duty cycles require 
substantial ground control support resulting in a lead for Operations. 


3. TFM Number: (ST) 1003 .• ‘ ‘ 

• Solar Power Space Test Activity 

This activity would be built around a Shuttle supported activity and gradually 
evolve into a penranent facility to support the assembly of prototype or 
operational solar power satellites. 


i 

I 


Ir 




System growth is one of the key goals for this project making it a leader 
in Growth Potential. A large work force building a large space structure 
results in a Mission Planning lead._ . ... 

4. TPM Number: SO-Ol-S 

Dedicated Solar Sortie Mission (DSSM) 

The DSSM missions will be of seven day duration (5 days cf data acquisition). 
One mission per year will be flown in 1980, 1981 and 1982 and twenty two 
additional DSSM* s will be fjown in the period between 1983 and 1991. 
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The experiment complement is the same as for S0-02-A given above in item 2, 

« 

Planning data acquisition requires for the large experiment complement 
results in Mission Planning lead. The Data Format lead results from the fact 
that the data acquisition process for some experiments does not produce the 
final data block arrangement needed for data analysis. The large 
instrument complement and high duty cycles require substantial ground control 
.support resulting in leads for Training and Operations. 


5. TPM Number: (SP) 1032 

Commerc ia 1 Processing , Crew-Operated 

Special purpose space station for the routine processing of products found 
by low-g research in the areas of chemistry, biology and materials research 
to have space-processing economic advantage or uniqueness. 

r 

A lead in Pointing and Control results from the need for maintaining a near- 
zero acceleration environment for long continuous periods of time. Totally 
new Instrumentation concepts are needed for space processing and the 

computerized analysis for -this- development -resulc.s- in- a- lead— Sensor 

Development. 


6. TPM Number: (ST) 1114 

# 

12-Person Geosynchronous Orbit Space Station 
This project results in permanent Inhabited stations launched into 
geosynchronous orbits. 


The lead in Mission Planning came from the need for planning crew activities 
and data acquisition profiles for geosynchronous manned operations. 
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7. TPM Number: (SP) 1034 
"Long Tei-ci" Biological Materials Research 

This candidate also represents (SP) 1031 - "Long Tern" Low-g Material 
Science Research and (SP) 1029 - "Long Term" Physical Chemical Research. 
These three projects will be carried out utilizing space station experi- 
mental packages. A lead in data analysis resulted from the fact that 
advanced ir.strument technology and automation produce more data and better 
and more samples in even shorter times, thereby necessitating sophisticated 
mechanization of data analysis in order to cope with the **dcta glut". 

« 

8. TPM Number: (AP) AMPS 

Atmospheric, Magne tospheric and Plasmas in Space 
The AMPS payload is a Shuttle sortie payload that will carry out 
experimental data acquisition for global remote sensing of the atmosphere, 
the ionosphere and the magnetosphere. This is done with a relatively 
large complement of instruments some of which exhibit high data rates and 
— hlgh>duty cycles. This results-in-a lead for Data -Analysts:; 

9. Category: (PL) Class IV 

Planetary Orblter with Imaging Science 
This is a composite category made up of the following TPM line items: • 


TPM Numbers 


„ . • ’ ^ Title : 

PL- 11 


Venus Radar Mapper 

PL-13 


Mercury Orblter 

PL- 19 


Mariner Jupiter Orblter 

PL-20 


Pioneer Jupiter Orbiter 

PL- 21 


Mariner Saturn Orbiter 

(PL) 1090 


Mars Polar Orblter 

(PL) 1097 


Neptune Orblter 
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High resolution images, long transmission distances and low signal 
to noise ratios result in leads for Data Analysis and Data Conxiuriication 
and Distribution. 


10. TPM Number; (LS) 1040 

Disease Processes Research 

The purpose of this facility is to promote a better* understanding of 
physiology and disease in tnan. Two potentially fruitful lines of research 
are: (1) determine the mechanisms of the observed zero-gravity changes In 

the absense of underlying pathology (e.g., bone denumeralization, loss of 
red ceils); (2) observe the zero-gravity time course of selected deceases 
In human or animal subjects. 


A lead in Data Analysis resulted from the fact that advanced instrument 
technology • and automation produces more data and better and more samples 
In even shorter times, thereby necessitating sophisticated mechanization 
of data analysis in order to cope with the "data glut". 


11. Category: (PL) Class II 

Planetary Surface Saniple Return Missions 
This is a composite category made up of the following TPM line items 


TPM Number 


(PL) 1078 
(PL) 1079 
(PL) 1095 
(PL) 1085 
(PL) 1086 


'. Title 

^ :* v - . ' . 


^ Mars Surface Sample Return- -♦ 
Mars Satellite Sample Return 
Mercury Surface Sample Return 
Venus Surface Sample Return 
Mars Lander/Rover 
Asfertod Surface Sample Return 
Comet Surface Sample Return 







A lead In Pointing and Control derived from the fact that autotrated 
guidance and rendezvous operations require advanced pointing and control 
systems. 
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